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HISTORICAL. 



It was in 1871 that Adolph von Baeyer' discovered gall^. 
He made it by heating together phthalic anhydride and pyro- 
gallol. The product was purified by dissolving in alcohol and 
precipitating with water. He described it as a solid, red by 
reflected light, blue by transmitted light. Later" he described it 
as a brown-red powder, or small metallic-green crystals. He 
found it to be soluble in alcohol with dark-red color, in potas- 
sium hydroxide with splendid blue color, which, however, it 
loses on continued exposure to air. In anunonium hydroxide 
it dissolves with purple color. 

He regarded the compound as derived from pyrogallol by 
loss of water according to the reaction : 

3C.H.O, = C„H„0, + 2H,0. 
Pyrogallol. Gallein. 

The results of his analysis of the new compound agreed with 
the above formula. 

Later* he tried the action of phthalic anhydride upon other 
hydroxyl derivatives of benzene, among them phenol and resor- 
cin. He found that these reacted in a manner similar to that 
of pyrogallol, phenol giving phenolphthal^n and resordn 
giving fluorescan. From the analysis of phenolphthalein he 
was led to consider it as made up of one residue of phthalic«n- 
hydride and two residues of phenol, and represented the reac- 
tion thus : 

C,H,0. + 2C.H,0 = C,.H„0. + H,0. 
Phthalic Phenol. Phenol ptattaalein. 

anhydride. 

Fluorescein, from its similarity to phenolphthalein and also 
from the results of analysis, he regarded as derived from i 
molecule of phthalic anhydride and 3 of resordn, thus : 

' Ber. d. chem. Ges., 4. 457- 

• /Wrf., 4,555- 

^ Ibid., A. 658. 



diy Google 



C,H.O. + aC.H.O, = C„H„0, + 2H,0. 

PbttiAlic Resorcin. Fluorescein. 

anliTdride. 

A Study of these reactions led him to change his views of the 
reaction hy which gallein was made.' He regarded it as made 
according to the following equation : 

C,H.O, + 2C.H.O, = C„H,.0, + 2H.O. 
Phtbalic PrrogBllol. Gallein. 
anhydride. 

Thus it would be the phthalein of pj'rogallol. 

By reduction in alkahne solutions by zinc dust, Baeyer dis- 
covered that phthalrins lose color and are converted into closely 
related compounds which he called phthalins. 

The structure of gallon is so closely related to that of the 
phthalons in general that a summary of work done in estab- 
lishing the structure of the latter is necessary for an intdUgent 
study of the structure of the former. 

Fluorescein was the first of the phthaleins to be investigated 
and have assigned to it a constitutional formula. The work 
was done by Baeyer and his assistants.* Fluorescein was made 
by heating together resorcin and phthaUc anhydride. The 
purified product proved to be a yellow crystalline powder 
which dissolved in alkalies with a beautiful green fluorescence. 
Results of the analysis of the compound pointed to formula 
C„H„0, as representing its composition. 

On the other hand, E. Fischer* prepared /«« fiuorescd!n by 
first making its acetate, purifjring it by recrystalUzation, and 
then saponifying it with alcoholic caustic potash. Fluorescein 
thus prepared was analyzed and the results pointed to C„H„0, 
as its formula. 

Baeyer's next object was to determine the number of 
hydroxyl groups contained in fluorescein. This he did by 
making its acetyl and benzoyl derivatives in the usual way. 
He found that in each case two add residues were introduced 
— that the compounds formed were the diacetate and the di- 
' Ber. d. chem. Ges., 4, 663. 
'Anil. Cbetn. (Liebig), 183, aff. 
' Ber. d, chem. Ges.. 7, laii. 
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boizoate of fluorescein. Further, he made what he termed 
the monoethyl and the diethyl ethers of fluoresc^n, and the 
dtchloride. The fact that in all but one of the derivatives thus 
far mentioned two substituting atoms or groups replaced hy- 
droxyls or the hydrogen, atoms of these hydroxyl grokps, 
pointed to the presence of two hydroxyl groups in fluoresce. 

Qtute a series of substitution-products in which two or more 
hydrogen atoms were replaced, gave information of other char- 
acteristics of fluorescein. Thus, dinitro and tetranitro fluores- 
ce ; mono-, di-, and tetrabrom fluorescdn (eosin) ; salts of 
eosin ; erjrthrin (ethyl ester of eosin) ; diethyl ether of eosin — 
all followed in rapid succession. 

By fnang fluorescdu with potassium hydroxide Baeyer 
found that decomposition follows in two stages. First, he 
obtained what he called mouoresordn phtbal^, to which be 
gave the formula : 

/OH 

' XX)0 



OOH 



When heated further this compound yielded, beddes resor- 
dn, benzoic add and carbon dioxide. The last two com- 
potmds came from the pbthalic add residue. 

As the result of bis investigation, be conduded that without 
doubt fluorescdtn was a diketone and should be given the for- 
mula : 

/OH 
.COC.H/ 



:.h/ * ' 

x;oc.H,( 



The formation of the anhydride between the hydroxyl 
groups in the resordn residues was, he said, in harmony with 
an observation made by him in the preparation of pheiKd- 
phthaldn. Two compounds were in reality formed in the syn- 
thesis of pbenolphthaldn — one a phtbalein proper, the other a 
phtbalein anhydride. The rdation of tbe two is expressed in 
the formulas : 
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XOC.H.OH ,COC.H.. 

C,H,< and C.H.< >0. 

x:oc.H,oH N:oc.h/ 

Phenol phthalem. PbeDolphttialeui antiydride. 

PuqFcscein woold, therefore, be a dihydroxyl derivative of the 
above anhydride form, 

E. Fischer' made the phthaldin of orda, 
/CH.(i) 
CH^H (3) , 

and found it to resemble finorescan very dosely. He made a 
series of derivatives similar to those made from fiuorescun by 
Baeyer. As a result of his study of this new phthaMn he 
gave it a formula in harmony with that of Baeyer for fluores- 
cein, as follows : 

/CH. 

COC.H,— OH 

C.H,/ No . 

COC,H,— OH 

\CH. 

Baeyer' s view of the structure of fiuorescdn, (and of the 
phthaleinsin general), was modified in some essential points as 
a result of his fnrther study of phenolphthaldm.* A difficulty 
arose in explaining by the accepted diketone formula the actioi^ 
of melted alkalies on phenolphthaldin. Such action resulted in 
the formation of diozybenzophenone, 

<C,H,OH 
C.H.OH 
and benzoic add. According to the diketone formula, this 
would require a shifting of one of the C,H,OH groups. It oc- 
curred to him that this decomposition could easly be explained 
by assuming that it is one of the carbonyl oxygen atoms and 
. > Ann. Chem (Liebig), 183. 63- 
' Ibid., »a, 36. 
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not the anhydride oxygen of the phthalic anhydride that is re- 
placed by two phenol residues. The difference is seen in the 
following structural formulas : 

<C0 carbonyl oxygen 
>0 — anhydride oxygen, 
CO 



C.H./ 



C.H.OH 
C.H.OH 



c=o 

Diketone formnla. New formnla. 



COC.H.OH 



The explanation of the formation of dioxybeuzophenone is 
very difficult by the diketone formula, while it is quite simple 
by the new one, as will appeaj from the following scheme : 

yC<8:g:8H /-^fiu 

C.H. \ O + KOH = CO + C.H,COOK. 

\ A \ 

C=0 C.H.OH 

Pheaolphtbalein . Dtoxj benzophenoDe. 

Baeyer found further evidence for the new formula in the 
sjmthesis of phenolphthalein by a method which can leave no 
doubt as to its structure and genetic relations. He treated 
benzene with phthalic anhydride in presence of aluminium 
chloride and obtained diphenylphthalid : 
C.H. C.H. 

V 
/ \ 

C.H. O 

\ / 
CO 
This, on reduction with zinc dust, ga^e triphenylmethane car- 
bonic acid ; 

C,H, C.H, 

\ / 

C 
/ \ 
C.H.COOH H 
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This, when heated with a base, lost carbon dioxide and yielded 
triphenyl methane. 

Having thus estabhshed the relation of diphenylphthalid to 
triphenyl methane, his next task was to show the relation 
of phenolphtbal^n to diphenylphthalid. Diphenylphthalid 
treated with nitric acid gave a dinitro derivative which, by re- 
duction, yielded a diamido derivative, Diamidodiphenyl- 
phthalid, by the action of nitrous add and water, was con- 
verted into dioxydiphenylphthalid. These changes are shown 
in the following formulas : 

C.H.NO. C.H.NO. C.H.NH, C.H.NH. 

\ / \ / 

C +H — C 

/ \ / \ 

C.H. O C,H, O 

\ / \ / 

CO CO 

C.H.OH C,H.OH / 

\/ / 

/ \ 
C.H. O 

\ / 

CO 

This dioxydiphenylphthalid proved to be identical in every 
respect with phenolphthal^n, made by heating together 
phthalic anhydride and phenol in presence of zinc chloride. 
This he showed not only by comparison of the phthalein from 
the two sources but also by comparison of a number of deriva- 
tives of each. Thus its connection with triphenyl methane was 
clearly established and its structure shown to be 

<C,H,OH 
. 
C.H.OH 
CO— 6 
Dioxydtpbenylphthalid, or phenol pbthalein. 
Having shown the relation of phenol phthalein to triphenyl- 
methane, efforts were made to establish the relation of its hy- 
droxyl groups to the methane carbon atom. As a working 
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hypothesis Baeyer suggested that the hydroxyl groaps were 
para to the methane carbon atom. He was led to this concln- 
sion from the observation that phenols, with the para pceition 
already occoiaed, yielded not true phthal^ns bnt their anhy- 
drides. In such cases the hydroxyls are ortho to the methane 
carbon atom and being at the same time in greater proximity 
to each other, lose a molecnle of water and form an anhydride. 
In other words, the para relation between the hydroxyl gronps 
and the methane carbon atom is the one preferred, thus : 



HO/ 



\0H 



^o 



If, however, the para position in the phenol is already occu- 
pied, as for instance in /-cresol, then the ortho position is pre- 
ferred, thus : 




But this loses a molecule of water and becomes the anhydride : 
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In view of this work in establishing the constitution of phe- 
nolphthalein, Baeyer' was led to abandon the dilcetone formula 
for fluorescein also and to assign to it a constitution analogous 
to that of phenolphthalein, and hence it is to be regarded as a 
dioxy-derivative of phenolphthalein anhydride : 




Such was the state of our knowledge of the phthaldns when, 
in iS8i, Karl Buchka' began his investigation of gallein. He 
first made the compound according to Baeyer's directions and 
found its properties to be those given by him. He went 
further and made several derivatives, among them were the 
tetracetate, the tetrabenzoate, dibromgallein, and the dibrom- 

•Aiin. Chem. (Liebig), aia, 351, 

' /bid., aog, 351. 
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gallein tetracetate. He made the acetate by mixing gallein 
and fusedsodium acetate in equal proportious, with three to four 
times as much acetic anhydride and boiling for three or four 
hours. On cooling, the mass soHdified, was washed well with 
water, and recrystalUzed from benzene. It proved to be color- 
less, soluble in alcohol, glacial acetic add, and acetone ; insol- 
uble in ether. It was also easily saponified by alkalies, even 
in the cold, and had a melting-point of 2^j°-3iiS° C. 

He reduced gallon in alkaline solution by means of zinc 
dust, and found that by observing certain precautions he suc- 
ceeded in making a compound intermediate between Baeyer's 
galleln and gallin. He dissolved gallein iu a solution of potas- 
sium hydroxide and decolorized with zinc dust, in ike cold, 
acidified with sulphuric acid, extracted with ether, and after 
evaporating oft the ether had left a slightly red oil which soon 
solidified. A remarkable property of this compound he found 
to be that it is converted by heating with acetic anhydride alone 
into an acetate that is identical with the gallein tetracetate 
made by treatment of gallein with sodium acetate and acetic 
anhydride. He called this intermediate reduction-product 
hydrogallein. 

In order to make galUn he dissolved gallein in ammonium 
hydroxide, heated to boiling, and added zinc dust by degrees 
until reduction had reached the proper point, acidified with 
sulphuric acid, filtered, cooled in absence of air, and extracted 
with ether. After evaporation of ether an oil was left which 
soon became solid. It differed from hydrogallein in that it 
condensed with concentrated sulphuric add in the cold to a 
phthalidin, had add properties, and when acetylized yielded a 
product which melted at 220° C. 

By long-continued. reduction in either add or alkaline solu- 
tion he obtained from gallein a still lower reduction-product, 
which he called gallol . This formed a pentacetate when treated 
with acetic anhydride. 

Buchka denied the correctness of Baeyer'sformala(C„H„0,) 
by reason espedally of the reduction-products which he ob- 
tmned. The compound which he obtained by reduction with 
potassium hydroxide and zinc dust in the cold did not act at all 
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like a phfhalio would be expected to act — it had no add prop- 
erties and was not condensed to a phtlialidin by sulphuric add. 
In view of the existence of this intermediate reduction-product 
of gallun, which he named hydrogallein, he was led to the 
condusion that, in the process of making, gallein suffers 
slight oxidation, tesulting in loss of two hydrogen atoms and 
the formation of a quinone. He gave, therefore, togalleinthe 
formula : 



yC.H,OH^ 
H.C< >0, >0. 

I x;,h,oh/ 



I 

CO— o 

A precedent for this he found in the formation of cedriret, 
C.H,(OCH.),0 
I I. 

C,H,(OCH.),0 

from pyrogallol dimethyl ether by oxidation. 
To hydrogallein he assigned the formula ; 
:.H,(OH),^ 



/C.I 
C.H,C< 

I |N:.i 



C.H,(OH)/ 
CO— o 



as it is formed from galleiu by the assumption of hydrogen ; 
and to galhn the formula ; 

,C.H,(OH),^ 
C.H.CH< >0. 

I ^C.H,(OH)/ 

COOH 

And gallol was represented thus ; 

,C.H,(OH),. 
C,H.CH< >0. 

I ^C.H,(OH)/ 

CH.OH 

The fact that gallein forms a £f/facetate and a l^^dbenzoate, 
he says, might be used as an argument against the formula as 
given by him, since one would expect a compound with such a 
formula to yield a (^acetate and a i&henzoate. Analyses of the 
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compotitids, however, leave no doubt that four acetyl, or ben- 
zoyl, groups have been introduced. The properties of these 
derivatives, also, preclude the possibility of their cont^ning a 
quinone group. He adds,' " Man muss daher, zvenn man an 
der Annahme einer Chinimbildung im Gallein fesihalten will, 
eine Sprengung dieser Bindung bei der Aetherbildung voraus- 
setzen." Such a reaction, he continues, is not without prece- 
dent. Saradw* has made hydroquinone diacetate from quinone 
by action of acetic anhydride and sodium acetate upon it. 
Graebe* has also made the diacetate of tetrachlorhydroquinone 
by the action of acetyl chloride upon chtorauil. 

In 1893 Herzig* repeated a part of Buchlca's work and ob- 
tained results which do not entirely agree with Buchka's state- 
ments. He was led to this investigation by a study of certain 
other compounds of the phthalein series. Graebe and Caro* 
had found that rosoUc add heated in a sealed tube with acetic 
anhydride forms an acetate, not of rosolic add, but of its leuco 
derivative. This suggested the idea to Herzig that the action 
of acetic anhydride tipon the phthaldns is not one of simple 
acetylization but of reduction as well. This idea was supported 
by the fact that the melting-points of the acetates of the 
phthalelns and their corresponding phthalins are very close to- 
gether. The question which presented itself was, do the 
phthaleins and the corresponding phthalins give the same prod- 
uct when acetylized ? To answer it he prepared carefully some 
fluorescein acetate and also some fluorescin acetate, and 
subjected them not only to the melting-point test but to 
chemical tests as well. He found that while these two 
acetates have almost exactly the same melting-point (flu- 
orescein acetate 2oo°-20i'' C, fltioresdn acetate 2oo''-202'' 
C.). they react very differently towards a dilute solution of 
alkali. Fluorescein acetate dissolves very slowly — only as it is 
saponified— and after several hours unchanged fluorescein acetate 
may befilteredout. Fluoresdn acetate, on the other hand, dis- 

' Ann. Chem. (Liebig), aog, 255. 

' Ber. d. chem. Ges., la, 680. 

' Ann. CUem. (Liebig), 146. 13- 

* Honatah. Chem., 13, 425. 

' Ann. Chem. (Liebig), 17B1 198. 
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solves IB dilute alkalies at once, and, if acidified, unchanged 
fluoresdn acetate will be precipitated. They are clearly differ- 
ent substances. Inasmuch as Buchka had not subjected his 
hydrogalldin acetate to such a test as this but had relied upon 
a melting-point test to prove its identity with gallein acetate, 
it occurred to Herzig to prepare gallein and hydrogallein ace- 
tates in order to determine whether they agreed in chemical 
conduct as they did in melting-point according to Buchka. 

As a result of this work he found, in the first place, that 
gallein acetate melted at 237*'-238'' C, instead of at 347°-248** 
C, as given by Buchka. In the next place, Herzig's efforts 
to make hydrogallein and its acetate did not succeed. He 
purified his gallein carefully by converting it first into the ace- 
tate, recrystallizing this, and saponifying with potassium hy- 
droxide. This purified product he dissolved in potas- 
sium hydroxide solution and reduced in the cold by 
means of zinc dust. The reduced product thus made he 
acetylized with acetic anhydride and obtained a product 
that melted at 2ii°-2i3'' C. and dissolved in potassium 
hydroxide solution without saponification. It could not, 
therefore, have been identical with gallan acetate. Herzig as- 
sumed that it was the same compound as Buchka' s galUn 
tetracetate, which, according to Buchka, meltsat 220°, though 
he did not make the latter compound in order to compare the 
two side by side, nor did he give any analyses. He concludes 
the account of his investigation by saying : " Buchka scheint 
uach seiner Beschreibung eine grossere Menge des Hydrogal- 
leins in der Hand gehabt zu haben, und es konnen daher 
meine beiden negativen Befunde vorlaufig die Existenz des- 
selben nicht in Frage stetlen. . Allerdings glaube ich, dass die 
Darstellung des Hydrogalleins nicht so einfach ist, wie sie 
Buchka beschreibt und dass nocb andere Vorsichtsmassregeln 
nothwendig sind, die der genannte Autor eutweder nur unbe- 
wusst eingehalten oder in seiner Arbeit zu erwahnen vergessen 
hat. Ebenso halte ich es vorlaufig nicht fiir ausgeschlossen, 
dass die Identitat der Acetylproducte des Gallelns und Hydro- 
galleins nur auf Grund der Schmelzpunkte ausgesprocheu 
wurde, w^hrend sie sich in Bezug auf die Loslichkeit in Alka- 
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lien von einander so unterscheiden koonen, wie Acetjlfluores- 
cein von Acetylfluoresdn." 

Gallein diphenylsulphonate and tetraphenylsulphonate have 
also been made by M, Georgescu.' The galldin diphenylsal- 
phonate was made by treating; an alkaline solution of gallein 
with benzene sulphonchloride until the color of the solution be- 
comes greenish-yellow. In solution the compound is dichroic, 
green by reflected light, reddish-yellow by transmitted light. 
He assigned to it the formula : 



/OSO,C.H. 
_ U— C.H, 
/ 



CO— C,H,< 

Ndh 



C.H. >0 

COC.H,< 

^OSO,C,H. 

Gallein tetraphenylsulphonate was made by the same inves- 
tigator by treating an alkaline solution of gallein with benzene 
sulphonchloride in excess. A brown precipitate, insoluble in 
alkalies, was thrown down, which, when purified, was nearly 
colorless and melted at i87°-i88° C. To this he gave the 
formula : 



/ 



O.C.H. 



C.H, No 

\ / /OSO.C.H. 

CO— C,H,< 

^OSO.C.H, 

The period between 1891 and 1897 was one of great activity 
in researches upon the constitution of the phthal^us. This 
was stimulated by a suggestion as to the structure of fluores- 
cein on the part of Bemthsen, who flrst gave the quinoid struc- 
ture to this compound instead of the lactoid structure proposed 
by Baeyer. The relation of the two may be seen in the follow- 
ing formulas for fluorescein : 

■ Bnletinni SocietStii De Sciinte Fizicc, i, 215 (189a). 
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IS 

/OH yOH 

/C.H,< /C.H,< 

C,H,C< V) C,H.C< V) 

I I \c.h/ I ^c.h4_ 

CO— O X)H COOH ^ 

Lactoid structure. Qninoid etmctnre. 

Bemthsen' su^^ested that tn free cooditioa as well as in such 
derivatives as have no color the structure is to be represented 
by the lactoid formula, while in such derivatives as possess 
color the structure is best represented by the quinoid arrange- 
ment. The discussion for the next few years centered lai^y 
around this question — the lactoid versus the quinoid arrange- 
ment — and one other, the relation of the hydroxyl groups to the 
methane carbon atom. 

Richard Meyer" showed the connection between fluorescein 
and fluoran (phenolphthal^n anhydride) — that fluorescwn is 
in reality dioxyfluoran. This he did in two ways. First, by 
treating fluorest^n with phosphorus pentabromide he obtained 
fluoresc^n dibromide : 

•Br 



:0— O ^Br 

scent hydrogen and 

;, H. C< >0 + 4H = C. H. C< >0 + 2HBr. 

I h:.h.< I I N;.h/ 

:0— O \Br CO— O 

Fl 
pho^horus pentaci 
chloride : 

:.H,c< ■ 'So- 

nc.H/ 



I 
CO— o 

This he reduced by nascent hydrogen and obtained fli 
•Br 
yC.H.< 
C, 

CO— O ' '^Br CO— 6 

Plnoresceln dibromide, Fluoran. 

Second, by action of phoq>horus pentachloride on fiuorescein 
he made fiuorescein dichloride : 



C.l 
I 

CO— O 
I Chem. Ztg„ 16, 1956- 
' Ber. d. chem. Ges.. aj, 1385. 
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This, in turn, when treated with phosphorus tribromide gave 
him moQobromfiuorescein dibromide : 



H.Br/_ 



X;.H.Br< 

H. cc yo. 

I ^ C. H. f 



CO— O \Br 

When this is treated with alcoholic caustic soda aud zinc dust 
it is reduced to an add to which he assigns the formula : 

/C.H.. 
C.H.CHC >0, 

COOH 

and names hydrofluoranic add. The same add is formed when 
fluoran is heated with alcoholic caustic soda and zinc dust 
There could be no doubt, therefore, that the relation of 
fluorescan to fiuoran was expressed in the formulas : 

yC,H,v 




C.H.c/ \> 

I ( x:.h/ 

CO— o 

Plttonn. 

Meyer next aj^lied himself to the task of establishing the 
structure of fluoran." He found that fluoran, when heated 
with lime, decomposes into benzene, carbon dioxide, and 
xanthone : 

H, C.H. C< 'Nd=C,H. + CO, + C0< * '\). 

o CO— o 

PiDOran, Xanthone. 

Again, he distilled fluoran with soda-lime and zinc dust* and 
found the products to be water, carbon dioxide, and diphenyl- 
ene phenylmethane. 

< Ber. d. cbem. Ges., aSt aiiS. 
' Ibid., as, 3586. 
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C.H.c/ No + 2H. = CO, + H,0 + C.H.Ch/ I . 

I I x:.h/ ^c.h. 

CO— o 

The reactions of fluoraa with lime and with soda-lime and 
zinc dust can most readily be explained on the assilmption that 
it has the structure : 



FIuoresc«n, as a dioxy-derivative, would be : 
OH 
yC.H/ 



Kriedlander' contributed some observations which seemed 
to confirm the views of Baeyer as to the relation of the hydroxyl 
groups of phenolphthalan to its methane carbon atom. This 
he did in the preparation of the so-called phenolphthalein oxime 
and a study of its decomposition-products. Phenolphthalein 
in alkaline solution reacts with hydroxylamine as a quinone or 
a ketone would act, forming an oximeaccordingto the reaction : 

yC.H.OH X.H.OH 

C,H,C/ + H.NOH ^ H,0 + C.H.C/ 

I ^,H,=0 I ^.H.^NOH 

COOH COOH 

This oxime is a light-yellow product, dissolves in alkalies 
with yellow color, reprecipitated by adds. Its decomposition- 
products were especially interesting. Fused with caustic soda, 
it yielded benzoic add, /-oxybenzoic add, and /-amidophenol : 

C'^.H.OH 
+ 2H,0 = C.H.COOH -f 
.H. = NOH 
COOH 

<OH ,NH, 

+ C.H.< 
COOH(^) X)H(^) 

' Ber. d. diem. Gea., a6. i7» ^"'1 "SS- 
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The oxime, when boiled with dilute sulphuric add, forms 
^-oxy-o-benzoylbenzoic acid and /-amidophenol : 

,C.H,OH 
C.H.C< + H,0 = 

I ^.H. = NOH 






■C00H(<7) ,NH, 

+ c.h/ 

IOC.H.(OH)(/) X3H(i>) 

From these results it would seem that the hydroxyl groups 
are para to the methane carbon atom, as first suggested by 
Baeyer. 

Friedlander, in testing the oxime reaction with other 
phthaldins, found that it took place most readily in those cases 
in which the quinoid structure was made known by color. 
This applied to derivatives as well as to the phthal^ns them- 
selves. For example, the dark-blue or violet alkaline solution 
of tetrabromphthalein reacted easily with hydroxylamine, but 
not so the light-yellow solution of the di- or tetranitrophenol- 
phthalein. It was of spedal interest to observe that the solu- 
tion of fluorescein in dilute alkalies — which is reddish-yellow — 
did not react with hydroxylamine, while the deep-violet solu- 
tion of fluorescein in hot concentrated alkalies combines with 
that reagent easily. These facts, he claimed, supported the 
ladoid formula for free fluorescdin and its stable ^ts, at the 
same time pointing to the quinoid structure for such derivatives 
as possess marked color. 

O. Fischer and Hepp' made fluorescein anilide by boiling to- 
gether fluorescein, aniline, and aniline hydrochloride. The ex- 
cess of aniline was removed by adding excess of alkali and dis- 
tilling with steam. The residue was crystallized from alcohol. 
The crystals were colorless, dissolving without color in alcohol 
and glacial acetic acid, in alkalies with green fluorescence. On 
account of its lack of color they concluded that it could not 
have the quinoid structure and wrote the equation expressing 
its formation as follows : 
' Ber. d. chem. G«9.. a6, 2336. 
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/C,H,OH yC.H.OH 

C,H,C< >0 + H,NC,H. = H,0 + C.H,C< >0. 

I I N;.H,OH j I \c.H.OH 

CO— O CO— N— C.H. 

By a reaction sinular to that used in tbe i»«paratioti of 
fiuorescein anilide, Albert' made phenolphthal^n anilide : 

/C.H.OH /C.H,OH 

C.H.C< +H,NC.H. = H,0 + C,H,C< 

I I x:.H.OH I I N;,H,OH 

CO— O CO— N— C,H. 

This anilide is also colorless and agrees in its properties gen- 
erally with the anilide of fluorescein. 

Again, by the same reaction, Albert* made gallon anilide 
and represented the stmctore in this way : 

C.H,C(C.H,OH).0.0. 
I I 
0=C — ^NC.H. 

He found it to be colorless, soluble in alkalies without color, 
and with methyl iodide in a sealed tube at ioo°, formed a di- 
methyl derivative. 

A year later O. Fischer and Hepp* made the anilide of fiuores- 
cdin mooomethyl ether. In their stndy of this compound they 
were led to modify their view of the structure of phtbaldn 
anilides. Up to this time these had been represented as phthal- 
eins in which the anhydride oxygen of the phthaUc acid resi- 
due was replaced by an aniline residue. The authors now 
represented them as phthaleins in which the carbmyl oxygen is 
replaced by the aniline reddue. Thus, for the anilide of fluo- 
resf^n monomethyl ether they gave the fonnnla : 

<C,H.OCH. 
>0 
C,H,OH 

I o' 

\/ 

= NC.H, 
' Ber. d. cbem. Ges., a6, 3077. 
* Ibid., a?. 3793- 
3 Ibid., a«, 398- 
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And for fiuorescdtn anilide : 

.C.H.OH 
C. H. C< >0 

I / N;,H,oH 
o 

C = NC.H. 

They assign no reason for either formula. That the anilides 
above referred to have not the quinoid structure was shown by 
converting them into methyl ethers, splitting oS the aniline 
residue, which resulted in the fonnatiou of a coloriess ether, as 
shown by the following formulas : 

^'".H.OH /C.H,OCH, 

>0 C. H. C< >0 

.H.OH — I / N;.H.OCH, — 

jo' o 

C = NC.H, C = NC.H, 

Fluorescein anilide. DimethylflnoreBcein auillde. 



X,H,0' 
C, H, C< > 

I / x;.H,o 



I,OCH, 

>o 

I,OCH, 

I o 

/ 

C = 

Dimethyl ether of flaorescein. 
(Colorless.) 

Haller and Guyot' submitted evidence for the lacMd struc- 
ture of both phenolphthalein and fluorescein in the free state 
by making diphenyl carbamate derivatives of each. This was 
done by simply heating the phthalein with phenyl isocyanate 
to 130°, and recrystallizing the product from benzene. There 
resulted a colorless compound, stable with boiling water, but 
easily decomposed by alkalies, regenerating the corresponding 
phthalein. They represented the reaction for phenolphthalein 
thus : 

' Compt. rend., iiO, 479- 
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yC,H.C 

;.H,c< 
'I x;,H.c 

X.H.O 
C,H.C< 

I I x;,H.o 



I.OH 

+ sOCNC,H, = 

r 'I xh.oh 

CO— o 

I.OCONHCJi. 

c.r - ' ' 

I I N;,H.OCONHC^, 
CO— o 

PbcDolpbtluleiii bis-phenylcarlMiiMitc. 

Plaoresoem reacted sunOarly, yielding flnoresceiii bis-phenyl 
carbamate. Now, since phenyl tsocyanate reacts with hy- 
droxyl groups but not with carbonyl groups, and since two 
phenyl isocyanate residues are introduced into the molecule, it 
is shown that in/ree phenolphthalein, as well as iafm 6aores- 
con, there are two hydroxyl groups. 

A valuable contribution to the question of the stmcture of 
the phthaleins was made by Nietzki and Schriiter' in their 
work on the ethyl ethers of fluorescein. They succeeded in 
pref^ring diethyl etheis of fluorescein by reactions that leave 
no donbt as to their stnicttue. Pluoiescein was first reduced 
to fluoresdn, and this converted into the ethyl ester in the 
usual way. The relation of these compounds is shown in the 
following fonnnlas : 



-C,H 

;,H.c< 



,H.OH X.H,OH 



>0 — C,H,CH. 

I N;,H,OH I m;ji,oh 

CO— O COOH 

Fluorescein. Pluoreacin. 

X.H.OH 
C.H,CH< >0 

I X:.H,OH 

COOC^, 

PlDoresciii etliyl ester. 

Pluoiescin ethyl ester, by oxidation, goes easily into fluores- 
cein ethyl ester : 

<C.H.OH 
>o 
C,H,=0 
COOC,H. 
■ Ber. d. chem. Ges., a8, 44. 
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This compound has color. When treated with sodium 
ethylate and ethyl bromide, it undergoes the changes shown in 
the following equations : 



<C,H,OH 
>0 + C,H.ONa 
I C.H.=0 

COOC,H. 

/C.H,ONa 
C.H.C/ >0 
I ^,H,=0 



<C,H,ONa 
>0; 
C.H,=0 

c;ooc,H. 



,ONa 

+ C.H,Br = 



COOC,H, 

/C,H,OC.H. 

NaBr + C.H.CX >0 . 

I ^.H,=0 

COOC.H. 

Fluorescein dietllTl ether. 

(Colored.) 

That the colored fluorescein diethyl ether has the structure 
asdgned to it above — the quinoid structure — is shown not only 
by the method by which it is prepared, but also by the fact 
that when carefully saponified it loses the ethyl group com- 
bined, with the carboxyl group and is converted into a mono- 
ethyl ether, which, also, has color. 

^.H,OC,H, /C,H,OC,H. 

C.H.CX >0 — C.H.CX >0 . 

I ^,H, = O I ^,H. = O 

COOC^H. COOH 

The same authors [loc. cil. ) give valuable evidence as to the 
structure of the colorless, or lactoid diethyl ether of fluoresc^n. 
They reduce fluorescein to flnoresdn, as in the previous case, 
esterify, and from the ester, by means of sodium ethylate and 
ethyl bromide, in the correct proportions, obtain fluoresdn 
triethyl ether, which, on sapouiflcation and oxidation, yields 
colorless fluorescdn diethyl ether. The relations of these 
products to each other are shown as follows ; 
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/C.H.OH 
C,H.C< >0 — 


Flnoreaein. 


/C,H,OH 
•C,H,CH< >0. 
1 X:.H.OH 
COOC,H. 
Fluorescin ethyl eater. 


^C,H,OC,H. 
C.H.CH< >0 
1 N;.H,OC,H, 
COOC,H, 


— C.H.C< >0 

Plaorescein diethyl ether. 



(Colorlesfl.) 

Prom the methods of preparation, there can be httle doubt 
of the correctness of the above formulas for the two diethyl 
ethers of fluorescein — the colored, or quinoid, and the color- 
less, or lactoid. It is interesting to note, in this connection, 
as showing that fluorescein reacts as a tautomeric substance, 
that the same authors' succeeded in makiag both ethers in one 
operation. The potassium compound of fluorescein was heated 
with ethyl bromide in a closed vessel on the water-bath for 
several days. The two ethers thus made were separated by 
fractional crystallization frofn alcohol, the colored ether being 
more soluble in that liquid than the colorless ether. 

O. Fischer and Hepp* made the quinoid (colored) dimethyl 
ether of fluorescein by action of methyl iodide upon an alkaline 
solution of fluorescein in methyl alcohol. It was given the 
formula: 

X.H.OCH, 
C.H.C< >0 . 

I ^.H, = O 

COOCH, 

That this is correct was shown by its conduct when treated 
with an alkali — ^it saponified and yielded monomethyl fluores- 
cein, also colored : 

' Ber. d. chem. Gea., a8, 49. 

* Ibid.. 98, 396. 
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C'",H,OCH, 
>0 . 
.H.=0 
COOH 



In the year 1895 two investigatioDS were reported wbich 
proved the relation of the bydrozyl groups to the methane car- 
bon atom. Graebe had already pointed out that there were 
only three possible arrangements — remembering that resordn 
is a meta derivative : 




Matras' made dtnitrofluorescem, decomposed this with p 
■ Chem. Ztg., ij). 40S. 
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<aifiii lijidiuude and olil^iiied a volatile i 
mdted at 85° C From this it ^ifieais that die pmdnct was that 
dertvattve of icsofon, in whidi the groups have the T^atxHi 
OH : NO, : OH = 1:2:3. The faramla Cor the dttntro- 
fluoKSoetn, Oxn, would be : 



NO, O SO. 




Snce the nitio gtonp is inserted Actewm the hydnoyl 
groups, fbnnulas II and HI are exdnded, since in them that 
positicMi is already occn{Ked. According to this, thei^bre, the 
hydnizyl groups aie^ora to the methane caibcm atom. 

To the same conclasion, led an investigattrai <xi eosin began 
by A. BaeyeH and oontinned by Hello'.* Baeyer heated eoan 
with concentrated solation of sodium hydroxide and obtained 
dibromdioxybenzoyl benzoic add : 

yC.HBr.OH 
C.H.C< >0 + H,0 = 

I I X;.HBr,OH 

CO— O 

C.H,Br,(OH), + C.H.COC,HBr,(OH).. 
I 
COOH 



Heller treated this last compoood with warm sulphuric add 
■ Ann. Chem. {I,iebig), 183, 56. 
* Ber. d. cbem. Go., 38, 31a. 
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and fotmd that it condensed by loss of water todibromxantbo- 
pnrpurm, thns : 

C.H,COC,HBr,(OH).— H,0 = C.H./ ^^Nc.Br,(OH),. 



Since this is a derivative of xanthopurpnrin it must have the 
structure: 



-OH 



For its hydrated form (see above) there are two alternatives : 
I. II. 

CX) OH COOK OH 

\Br j/ \/ ^ ^|Br 

'oh I 1 /I /'oH 



COOH Br 



Bnt formula II is excluded, since it has been already shown' 
that one of the hydrozyl groups is ortko to the' phthalic add 
residue. It will be seen from formula I that the remaining 
hydroxyl group is para to the phthalic add residue. 

This estabUshed the relation of the hydroxyl group to the 
methane carbon atom so far as one-half of the molecule was con- 
cerned. It only remained to show that flnorescein is symmetri- 
cal, that the two resordn residues sustain the same relation to 
the molecule. This fact was first estabUshed by Baeyer,' He 
found that the dioxybenzoylbenzoic add, obtained by the de- 
composition of fluorescein, when heated again, loses water 
with formation of fluorescein and phthalic anbydride : 

' Cf. R. Meyer'a work on relation of flnorescein to flnoran, p. i8. 

* Ann, Chem. (Liebig), 183, 15. 
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I.< >0+C.H.C< > 

N:o/. I I x;.H.o 



C,H,(OH), 
= 
H 

Djoxybenzo^lbenzoie kcid. 

" n.OH 
>o. 

I.OH 

co-6 

Phtlulic anhydride. Plnoreacan. 

Aft^wards it was shown' that dibromdunybenzoylbenzoic 
add also loses water when heated, fonning phthalic anhydride 
and eoan: 

^^COC,HBr,(OH), 
2C.H.< = 

N;ooH 



yCOv yC.HBr,OH 

H,< >0 + C.H,C< >0. 

N:(K I I N:,HBr,OH 



CO— O 

Bosin. 

These syntheses of fluoresce and eosin from one prodttct of 
their decomposition, show clearly that they have a symmetri- 
cal stmctore, and coostitate the last link in the chain of evi- 
dence for the para relation of the two hydroxyl groups to the 
methane carbon atom. 

Baeyer' fonnd that when phenolphthalein was decomposed 
hy fusii^ with caustic soda one of the prodncts was dioxyben- 
zophenone. It was afterwards shown that this was para 
diozybenzophet 



HOt^ N f NOH 




This proved that in phendphthalein, also, the hydroxyl 

groups Alt para to the nrethane carbon atom as in fluorescein. 

Herzig and H. Meyer" advocated the lactoid structure of 

• Ber. d. cbem. Ges., a8, 1576- 

• Ann. Cbem. (Liebig), aoa, 38. 
3 Ber. d. chetu. Ges., aS. 325S. 
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salts of phenolplithalein by reason of a ctdorless dimethyl ethor 
made by them. An alkahne solution of phenol^thal^ 
treated with methyl iodide, gave a yield of 85-go per cent of 
the colorless, or lactoid, dimethyl ether — a white crystalline 
substance, insoluble in alkalies. To this they assign the for- 
mula: 

<C.H.OCH. 
. 
C.H.OCH, 
CO— 6 

With this as the structure of the dimethyl ether, the sodium 
salt, which is an intermediate product in its preparation shotild, 
they daim, have a similar structure : 

<C,H,ONa 
. 
C,H.ONa 
CO— o 

That the colorless dimethyl ether really has the structure 
given above cannot be doubted in view of its preparation 
by E. Grande' by a different method. He made it by the 
action of anisol upon phthahc anhydride in the presence of 
aluminum chloride, thus : 

< C.H.OCH, 
+ H,0. 
, , , .^.... — -.- , , C,H.OCH, 

CO— O CO— O 

This product is identical in every respect with that obtained 
by Herzig and Meyer as given above. 

In making the dimethyl ether oi fluorescein, however, by the 
action of methyl iodide upon its alkahne solution, Herzig and 
Meyer' obtained a colored product to which the quinoid 
arrangement was assigned : 



:.H.c/ ■ 



CH.OCH, 
>0 . 



COOCH, 
' Gazz. cbim. ital., 36, i and >ai. 
■ Loc. cit. 
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This would seem to favor the quinoid stmctare of the alkali 
salts of fiuorescein, just as in the case of phenolphthalein the 
fact that in alkaline solution it yields with methyl iodide the 
ladaid dimethyl ether was used by the authors as an argument 
in favor of the lactoid structure of its alkali salts. 

The same authors' criticize Friedlander's interpretation of 
the results he obtained with the ozime of phenolphthalan.' 
Instead of proving, as Friedlander supposed, the existence of 
a quinoid oxygen by forming the compound 

<C.H.OH 
C.H. = NOH 
COOH 

it in reality points, they claim, to a very different condusion. 
They base this criticism upon facts brought oat by Friedlan- 
der, himself ; viz. , the oxime has slight color, it forms with 
acetic anhydride a colorless diacetate, and dissolves in acids. 
Further, in add or alkaline solutions it is reduced by zinc 
dust, forming a compound insoluble in adds. These facts, 
they say, can best be explained on the assumption that the 
oxime has the structure 



,0H 



■ 1 C.H.OH 

CO— NOH 

agredng with the analogous formula first given for the anilide. ' 
The product obtained by reduction and found to be insoluble 
in adds would be represented thus : 

yC.H,OH 
C.H.C< 
I I x:.H,OH 

CO— NH 

Nietzki* made the quinoid diethyl ether of tetrabromphenol- 
phthalein by a reaction similar to that used by him in making 
■ Ber. d. chem. Gee., a8, 3358. 
- Cf. p. 20. 
3 Cf. p. M. 
' Chem. Ztg., ao, 806. 
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the cMlored diethyl ether of flaorescan. The phthalein was 
reduced to the corresponding phthalin, this was esterified,' then 
oxidized to the ester of the phthalein, the silver salt of this 
with ethyl iodide yielded the colored (quinoid) diethyl ether 
of telrabromphenolphthalein. The steps are indicated in the 
following formnlas : 

<,H,Br,OH X:.H,Br,OH 

— C.H.CH< ; 

.H,Br,OH I M;.H,Br,OH 

CO— O COOH 

/C.H.Br,OH yC.H.Br.OH 

C,H,CH< — C.H.C< 
I X;.H,Br,OH I ^,H,Br, = 

COOC,H, COOC,H. 

^,H,Br,OAg ,C.H,Br,OC,H. 

C.H,C< — C.H.C< 
I ^,H,Br,=0 I ^.H.Br,=0 

COOC.H. COOC,H. 

A. Bistrzycki and K. Nencki' have made a oontribntion to 
the question of the structure of phenolphthaldin. They call 
attention to the two structures for alkali salts of phenol- 
phthal^n : 



.H.C 
60—6 COOK 



<C.H.OK 
C.H. = 



N:.H,0K I 



and claim that if fonntUa I is correct, it should yield by the 
Banmann-Schotten reaction a <ft-benzoate insoluUe in alkalies 
and colorless. On the other, hand, if formula II be correct, 
then it should yield a ffK»u>-benzoate under the same condi- 
tions — posably a M-beuzoate by the breaking up of the qui- 
noid arrangement and becoming 
' Ber. d. chem Ges., ag, 131, 
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:.H,c < 
I VC.I 



I VC.H.OK 
COOK OH 

The authors found that a rfi-benzoate was formed under the 
conditions mentioned, colorless and insoluble in alkalies. If 
the compound were derived from formula II, whether it were 
the monobenzoate or the tribenzoate it should be soluble in 
alkalies. From this they advocate the lactoid structure of 
salts of pheuolphthaldiu. 

The action of phenylhydrazine upon fluoresc^n and phenol- 
phthaldn was investigated by Gattermann.* He found that 
when the phthaldn was heated with phenylhydrazine, combi- 
nation took place, crystals beii^ formed that had no color and 
were soluble in alkalies. Not only did fluoresc^n itself react with 
phenylhydrazine but also fluorescein dichloride. He found 
further that the simple bydrazide of both fluorescein and phe- 
nolphthalein could be converted into dimethyl and diethyl 
ethers by the action of methyl iodide upon their alkaline solu- 
tions. The structure assigned by him to these hydrazides is 
shown in the formulas : 

X,H.OH ^.H.OH 

C.H,C< C.H,C< >0. 

I I XI.H.DH I I ^C.H.OH 

CO— N— NHC.H. CO— N— NHC.H. 

Phenolplithaleiii bydrazide. Flnotescein hydraztde. 

It will be readily seen how in alkaline solution these com- 
pounds would yield,' with methyl or ethyl iodide, diethers. 

Prom the foregoing discussion it would seem to be clearly 
established that fluorescdfn and phenolphthalein really react as 
tautomeric compounds, in some cases giving lactoid deriva- 
tives, in others quiuoid derivatives. ^ 

In regard to gallein, however, it cannot be said that its 
structure has been detennined with the same degree of cer- 
tainty. Buchka, who has done most of thewoik on gallein, 
gave it the formula : 

' Berd. chem. Gea., 3a. ii3'- 
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X.H.OHv 
C.H.C< >0.>0. 

I I x;.h.oh/ 



CO— 

This he did by reason of his study of hydrogalldn, a compound 
which Herzig, who repeated a part of Buchka's work, did not 
succeed in making. Schultz and Juhus in their " Tabellarische 
Uebersicht der kiinstlichea organischen FarbstoSe," edition 
of 1891, page 98, give it the formula: 



C.H,OH— O 
C.H.OH— O 
C,H.CO— O 



The same structure is given it in L^on Leffevres " Matieres 
Colorantes Artifidelle" , 1896, pt^e 1190. 

Schultz and Juhus, in the 1897 edition of their work, page 
142, give its structure more in detail as follows : 




representing it, however, as orthoquiuone. 

Nietzki.in bis "Chemie der organischen Parbstoffe" (1897), 
gives it the stmcture : 
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He adds, however, ' ' Wahrscheinlicli ist ea fast, dass dJese bei- 
den Sauerstoffatome in einetn Kem eine Orthochinongruppe 
bilden, aacb diiifte das Galldn zu den Chinoideo Carboxyl- 
derivaten gehoren," 

This idea of Nietzki' s regarding the qtiinoid condition js con- 
tained in the stxuctvire suggested in Krafft's Organische Ckemie, 
1897, page 595, as follows : 

X)H 
C.H^ C.H, O 

c< X >l 

OH ^C.H, O 

According to this gallein contained a qninoid, carboxyl, and 
qninone group. 

With this diversity of opinion, it would seem important to 
have additional experimental evidence as to the correct formula 
for gallein. This is presented in the following pages. 

II. CoERDLErN. 

This compound also was discovered by Baeyer in 1871 ,' and 

was the first of the dass of phthalideins — compounds derived 

from phthal«na by loss of water. He made it by the action 

' Ber. d. chem. Got., 4> 457- 
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of concentrated solphttric add upon galldln at 2oo'*C. , the color 
of the solution dianging from reddish brown to greenish brown. 
Coemlein was precipitated by pouring into water. When 
washed carefully and dried, it appeared as a blue-black mass. 

It chars when heated giving at the same time a colorless 
sublimate. It is soluble in concentrated sulphuric add with 
olive-brown color, from which it may be crystallized. Slightly 
soluble in alcohol, water, or ether, easily in gladal acetic add 
with dirty green cc^or. In hot aniline it is easily soluble with 
deep blue color from which it may be predpitated in blue 
flakes by addition of alcohol or acetic ether. Alkalies dissolve 
coerulein with green color. By reduction it yields coerulin. 

Though the first phthaUdein discovered, its structure was 
not investigated until after that of phenolphthalideTn had been 
determined. Baeyer,' in making his investigation of phenol- 
phthatideln foimd that when heated with zinc dust, there dis- 
tilled a product which proved to be phenylanthracene. He 
had two points to guide him in assigning to it a formula : It 
was derived from phenolphthaldii by loss of water, and it 
gave an anthracene derivative on reduction. In view of these 
facts he gave it the formula : 

HO C.H.OH 

\ / 



C.H./ Nc.H,OH 



CO 

Though containing three hydroxyl groups, he found that it 
gave a rfi-acetyl derivative. He explained this by saying that 
the anthranol hydroxyl is peculiar in bdng very difficult to 
acetylize, in this case not reacting at all. 

In 1 88 1 Buchka'took up the study of coerulein in connection 
with his work on galldn. He found that it could be made not 
only from gallein and sulphuric acid but also from gallin, con- 
verting it first into coeruUn by sulphuric add and oxidizing 
this to coerulein. Its properties were found to be those already 
assigned to it. 

■ Ann. Chetn. (Liebig), aoi, go. 
' Ibid., 309,358. 
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He prepared coenileia triacetate by action of acetic anhy- 
dride upon it, also by gentle oxidation of coerulin tetracetate. 
In this latter reaction he suggests that coerulein tetracetate 
is first formed which immediately loses one of the acetyl groups. 
He found that the acetate could be easily saponified by alkalies 
and by concentrated sulphuric add. Its solution in acetic add 
is decolorized by zinc dust, assuming, at the same time, a 
greenish yellow fluorescence. When diluted, yellow flakes 
separate which are so unstable as to make analysis impossible. 

Reduction of coerulein in solution in ammoniimi hydroxide 
by zinc dust gives coerulin, which is easily oxidized again, 
even by the air, to coerulein. He prepared coemUn acetate 
by using coerulein and acetic anhydride with a little zinc dust. 
His analyses led him to pronounce the product a letrtuxtate. 
He found its melting-point to be 256°. When gently oxidized 
it yields coeruldn triacetate. 

He showed the connection between coerulein and phenylan- 
thracene by mixing with zinc dust and distilling in an atmos- 
phere of hydrogen. A yellow product was obtained which 
crystallized from alcohol in yellow plates and when dissolved 
in gladal acetic acid, some potassium dichrpmate added and 
boiled, gave a product which he identified as phenyloxanthra- 
nol. 

Buchka accepted the condnsion of Baeyer as to the structure 
of phenolphthaUdein and pheuolphthalidin and assigned cor- 
responding formulas to coerulin audc<%n]lin, with some mod- 
ification as to coerulin. Thus for coerulin he adopted the 
formula : 



=.<i> 



/C.H.{OH),. 
,H(OH)./ 



Tliough this formula contains five hydroxyl groups, he found 
that it formed a fefrucetate. He agreed with Baeyer in say- 
ing that the authranol hydroxyl group was unaffected by acetic 
ai^ydride. 
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The formnlaforcoenildin, if itbeanalogcnistopbeiioiplithali- 
defn, should be, he concludes, 

HO\ /C,H,OH^, 



>c< >o,>o. 
;.H.^ ">c,hoh/ 

II 
o 

ydride, as does rosolic ad* 
gives the structure : 

/c< ' >o.No, 

C.H.^ ^C.HOH / 



O 

But it forms ao anhydride, as does rosolic add, forming a c 
pound to which he gives the structure : 



O 

Thot^h containing only one hydroxyl group, he found that it 
gave a triacetyl derivatiTe. He assumes in this case, as in 
the case of gallein, that the bond between the two quinone 
groups is broken. The formation of coenildin triacetate iiota 
coerulin tetracetate, he says, supports the formula given 
above for coerulein. 

Prud'homme,' in his study oi the reaction between coeruldin 
and aniUne hydrochloride, came to a different conclusion as to 
the number of hydroxyl groups in coerulein. When these 
two substances were heated together, condensation took place 
giving a derivative of coerulein containing two aniline residues. 
This product was found to have basic properties, and its ace- 
tate, with proper mordants, could de used as a dye, although 
an unsatisfactory one, ^nce it changes color in the light. The 
fact that the/r<?^ base is not fixed at all by mordants of iron, 
chromium, or aluminum, is used by the author to prove that 
it contains no hydroxyl groups. Coerul«n, however, must 
contain at least two such groups in order to harmonize with 
the law of Liebermann and Kostaueckias to the coloring quah- 
ties of oxyketone dyes, that they must contaiu two hydroxyl 
groups in the oriko or the para relation to each other. If, 
then, the coerulein-aniline condensation product has fu> hy- 
' Boll. Soc. chimiqne (Paris) (3) 11, 1136. 
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droxyl group, and coerulein has at least two, it follows that 
the aniline residue is connected with the coenilein molecule 
through its hydroxyl groups. And if the aniline residues are 
introduced through the hydroxyl groups and orUy two residues 
are so introduced, it follows that coerulein contains two and 
only two hydroxyl groups. In view of this fact, as well as its 
connection with gallon, he gives coeruldn the fonnula t 




This formnla also represents coerul^n as a derivative of phenyl- 
oxantbranol. 

InSchultzand Julius' "Tabellarische Uebersicht der kiiust- 
lichen organischen Parbstoffe," edition of 1891, p^e 98, the 
formnla for coerulein is given thus : 

f C—C.HOH- 



C.H, 



C—C.HOH— o 

I >7 



C C,H, O 

o 

In the 1897 edition of the same work, page 142, its stmo- 
tore is given more in detail, as follows ; 

OH O I 



0=, 
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Nietzki in bis "Chemie der orgEtnischen ParbstoSe," 1897, 
P^^ i75t gives coeralein the same stractare as tliat assigned 
to it by Schaltz and Julius in the 1891 edition of their work 
quoted above. He adds, however, in a foot-note the following 
remark : ' ' Eine Controlle dieser Formel ware wohl zeitgemass. 
Die vielen Saueistoffbindungen lassen sich kaum mit den 
hentigen Anschauuugen Hber derartige lingformig coustituirte 
Molekiile vereinigen. Auch sind die beizenfarbendeu Eigen- 
schaften bei Vorhandensein nur einer Hydroxylgruppe kaum zu 
erklaren." 

From the foregoing historical review may be gathered the 
development of ideas in regard to the structure of the phthal- 
eins and phthaliddins down to the present time. In the fol- 
lowing pages is given an account of an investigation under- 
taken with a view to throwing additional light upon the sub- 
ject so far as two of these are concerned — gallon and coeruldin. 

EXPERIMENTAL. 

r. GALLKIN. 

The gallan used in this investigation was suppUed by the 
Badische Anilin und Soda Fabrik, Ludwigshafen am Rhein, to 
whom grateful thanks are herewith tendered for the generous 
interestthey have manifested in the work. It was an unusually 
pure product and beautifully crystallized. By transmitted 
light it was red, by reflected light green, with a bronzy luster. 
When acetylized it left no residue other than galleut acetate. 

Gallan dissolves in an aqueous solution of pyrt^allol, more 
easily in boiling solution, from which, after several hours, it 
crystallizes out. That gallein, in addition to its marked add 
properties, has slight basic properties is shown by the fact that 
its solubility in water or alcohol is considerably increased by 
the presence of an add. This same conduct on the part of 
Suorescein was noted by Baeyer' and by Waddell.' In the 
case of aurin, which resembles gallon to a marked d^ree, 

' Ann, Chem. (Liebig), 183, 6. 

■ J, PhjB, Chem., a, 173. 
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Dale and Schorlemmer' have isolated a hydrochloric add salt,' 

When gallon is dissolved in alcohol and an alcoholic solution 
of potassium hydroxide added, the potassium salt of galleio is 
precipitated. It has a blue color. 

Attempts were made to reduce galldn by means of hydrogen 
sulphide. Solutions in ammonium hydroxide, in potassium 
hydroxide, sodium carbonate, and in alcohol remained tm- 
changed after passing the gas through them for some time. 
Sulphur dioxide was also tried as a reducing agent, but with 
negative results. An alcoholic solution of gallon remains un- 
changed when treated with sulphur dioxide. Gallon in dilute 
caustic potash solution, when treated with snlphur dioxide, is 
thrown down as a dark-red precipitate, dae to the neutraliza- 
tion of the potassium hydroxide. 

An aqueous solution of gallein, made by boiling gallein with 
water and filtering the solution, treated with a solution of lead 
acetate or lead nitrate in water, gives first a deep-blue solution 
from which, finally, all the gallan is precipitated as the basic 
lead salt, with indigo-blue color. This reaction is quite deli- 
cate and might be used as a test for either gallein or lead. 
Gallon does not mdt or undergo any change when heated to 
300" C. 

Air passed through a solution of gallein in caustic potash 
causes the color to change from deep-blue to brown. Hydro- 
chloric add added to this brown solution produces vigorous 
effervescence but no predpitate. It is probable that oxidation 
takes place here as with pyrc^alloi itself. This tendency of 
gallein to oxidize is seen further in its action on silver nitrate, 
which it reduces to metallic alver, 

Gaiiein Tetracelate. 

Galldn tetracetate was made according to Buchka's direc- 
tions — by boiling galldn and an equal wdght of sodium ace-- 
tate in four times the wdght of acetic anhydride for four 
hotns. After a number of trials it was found that the acetyli- 

■ Ann. Chem, (Uebig) ige, 88. 

'Cf. Collie and Tickle on "Salts of Dimethylpyroae and the 
Quadrivalence of Oxygen." J. Chem, Soc., 75 and 76, 710. 
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zation was complete in one hour. The excess of acetic anhy- 
dride was distilled oS and the residue poured into a targe 
amount of water. The acetate appeared on the bottom of the 
vessel, part as crystalline particles, part as an oil that soon 
solidified. The product thus obtained was filtered and when 
dry had a gn^' color ; yield almost quantitative. Crystallized 
from benzene, it was obtained in colorless needles. Recrys- 
tallized from benzene, acetone, alcohol, and acetic acid in suc- 
cession till no further change in its melting-point could be ob- 
served, it was found to melt at 241° C The melting-point as 
given by Buchka is 247''-248°, by Herzig* 236°-237''. 

Galleiu acetate in a cold 5 per cent solution of sodium car- 
bonate is insoluble ; the solution remains perfectly colorless, 
thoi^h allowed to stand two or three days. When boiled for 
some time there is partial saponification, as seen by the slight 
purple tinge of the carbonate solution. 

When treated with a few drops of concentrated sulphuric 
add in the cold, gallein acetate dissolves, giving the add solu- 
tion a deep-red color. When diluted with water the solution 
retains ite red color, and after standing some time deposits red 
OTStals. These crystals, when filtered out and washed with a 
little water, dissolve in ammonium hydroxide with the purple 
color and in caustic potash solution with the deep blue color 
so characteristic of rgalldn, and give also the unmistakable 
test for gallein with lead acetate. There can be no doubt 
that sulphuric add saponifies the acetate and the crystals that 
separate are those of gallein. 

The determination of the exact constitution of gallein ace- 
tate was an urgent matter. The difficulty of dedding it by a 
combustion analysis will be seen at once by a comparison of 
the percentages of carbon and hydrogen in galldn acetate of 
different content of acetyl groups. 

No. of CHjCO 

gToaps. C H. Acetyl Kroupa. 

Per cent. Per cent Per cent. 

4 6316 378 3234 

5 62.72 3.84 37.48 

6 62.34 3-92 41-89 

' All melting-points were determined by means of a thermometer 
com|>ared with one standardized by the Physikalisch-Technische 
Reichsanstalt, Charlottenbm^, Germany. 

* Monatsh. Chem., 13, 426. 
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From the above it will be seen that the percentage of carbon 
differs by about 0.4 per cent, hydrogen by about 0.07 per cent 
in the several cases. Buchka found C = 63.52 and 62.72, H 
= 4.44 and 3.82, results that agree as well with the assump- 
tion that this is a/»i/acetate as that it is a /r^racetate. 

There is a much wider margin in the percent^es of acetyl 
residues in the three supposed possible formulas, as shown in 
the last column in the above table.- Four C,H,0 groups 
would equal 32.34 per cent ; five would equal 37.48 per cent, a 
difference of 5. 14 per cent; six would equal 41.89 per cent of 
the whole molecule, a difference of 4.41 per cent. 

Several attempts were made to determine the number of 
acetyl residues in the acetate by saponification by means of 
different alkalies, but without success, since the galldfn residue 
itself undergoes some decomposition when heated with alkalies 
giving volatile acid products that have not been further inves- 
tigated. It was found, however, that a modification of Wen- 
zel's method' coiUd be used satisfactorily. The distinguishing 
points of this method are : First, saponification by means of 
strong sulphuric add ; second, removal of free sulphuric acid 
by means of secondary sodium phosphate ; third, distillation 
of the liberated acetic add in vacuo. The three important 
modifications of the Wenzel method, suggested by this work, 
are : First, the substitution of distillationtin steam for distilla- 
tion in vacuo ; second, the abandonment of one of the con- 
densers ; third, the use of dimethylamidoazobenzene to detect 
and determine mineral add in the distillate. The arrangement 
of the apparatus may be understood from the accompanying 
sketch : A is a. 300 cc. distillii^ flask with delivery tube in- 
clined upwards ; ^ is a 100 cc. distilUng flask with delivery 
tube indined down so as to connect easily with C, an AUihn 
condenser. /) is a 75a cc. Erlenmeyer fiask, F a small sepa- 
ratory funnd, .5 a screw damp. 

A weighed amount of material is placed in A and 3 or 4 cc. 

of sulphuric add diluted with water, two of add to one of 

water by volume, run in through the funnel F, screw clamp 5" 

being closed. An excess of tenth-normal sodium hydroxide is 

I MooatBh. Cbem., iS, 659. 
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measured into flask D, the whole apparatus properly conaected, 
and water started through the condenser. The flask A is then 
heated for one hour to the temperature of a boiling water-bath, 
V7hen 3 cc. of distilled water are added and the heat continued 
for half an hour longer. There are now introduced 20 cc. of a 
solution made by dissolving 45 grams of secondary sodium 




phosphate, and 10 grams of glacial phosphoric add in 100 cc. 
of water. Finally, add 50 cc of boUed distilled water, heat 
with a burner, and pass in steam. Liquid will soon begin to 
collect in flask B, which serves as a trap to prevent add from 
being carried over medianically. When flask B is one-fourth 
full of liquid, heat it with a burner, the heat being so regula- 
ted as to keep the liquid at a constant level. When the dis- 
tillate has collected in the recdver to the amount of 600 cc., 
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stop the heat and transfer the distillate to a liter meastinn^ 
flask. Dilute to the mark and mix thoroughly. Measure out 
500 cc, of the solution and titrate with tenth-normal HCl, 
n^ng phenolphthalein as indicator. In order to tell whether 
any mineral add (H,SO„ etc.) has been carried over, the re- 
maining portion is titrated with tenth-normal HCl, using di- 
methylamidoazobenzene as indicator. This is sensitive to free 
mineral adds but not to dilute oiganic adds. Of course the 
amount of the differ^ice between the two titrations, i. e. the 
amount of mineral acid, ' is to be deducted from the total 
amount of add found. 

The process of distillation is not yet complete. One or two 
cc. of tenth-normal NaOH are ^;ain measured into flask D, 
and the heating continued till 300 cc. are collected. This is 
titrated directly with tenth-normal HCl, using phenolphthal- 
wi as indicator. The total amount of add in this distillate is 
so small as to make the detection of mineral add impossible — 
none was discovered in it in &ny determination made. To 
make sure that all volatile add has been driven from flask A, 
a third distillate is collected which rarely showed more than 
0.2 cc. tenth-normal NaOH neutralized. The net amount of 
teDth-normal NaOH neutralized multipUed by 0.004.3 gives the 
wdght of acetyl groups present. This method was used in all 
the acetyl determinations reported in this paper. 

In order to test the apparatus and chemicals, preliminary de- 
terminations were made using a compound of known composi- 
tion — acetanihde. Two analyses of acetanilide were made by 
the method given above with the following results : 

Weight of Hineral 

■nbaUncc. N/ioNaOH. add. Net Nf 10 NaOH. C.H,0. 

Gram. cc. Per cent 

0.5472 40.25 0.0 ■ 40.25 31.63 

0.2260 16.85 0.0 16.85 32.05 

Calculated percentage of C,H,0 in acetanilide = 31.85. 
Galldn acetate analyzed according to this method gave the 
following results : 
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Gram. 


cc. 




cc. 


Percent 


0.1946 


15' 


0-3 


14.8 


32.70 


0.2584 


19.7 


0.0 


19.7 


32-74 



Calculated' for C„H,0,(C,H,0)„ 37-48 per cent C,H,0. 
Calculated for C„H,0,(C,H,0)„ 32-34 per cent C,H,0. 
Calculated for C„H,0,(C,H,0)„ 26.32 per cent C,H,0. 
There can be no doubt from these results that this is a 
. tetracetate of gallein. 

GALI^iw TETRABSNZOATB. 

Buchka made this compound by use of benzoyl chloride. It 
was deemed advisable to try making it from benzoic anhy- 
dride. Gallan (10 grams) and benzoic anhydride (50 grams) 
were heated to 190° C. on a metal-bath for seven hours. The 
melt was then transferred to a 2-liter round-bottomed fiask 
and the excess of benzoic anhydride removed with steam. The 
black residue was filtered out and, after draining thoroughly, 
dissolved in acetone and boiled with boneblack. The acetone 
solution was concentrated and ahttle water added. In a short 
time yellow crystals appeared which, by repeated crystalliza- 
tion from acetone, alcohol, and acetic add, became white and 
mdted at 226°. Melting-point given by Buchka is 231". 

Efforts were made to determine the number of benzoyl resi- 
dues in this compound by the method used in analyzing the 
acetate, but failed on account of the difficulty of completely 
saponifying the benzoate by sulphuric add. But that it con- 
tains four benzoyl groups can scarcely be doubted from its 
analogy to the tetracetate. 

HYDROGALLHIN TBTRACETATE. 
The preparation of this compound from the so-called hydro- 
galletn, and its identity with gallein tetracetate, constitute the 
ba^sfor Buchka's formula for gallein. Itwillberememb^^d, 
■ In all calculations in this paper the following atomic weights 
have been nsed : = i6, H = 1.008, C= 12.01, N = 14.C4. Ag=a 
107.93, 1 = 136.85. 
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however, that Herzig tried to make it from Buchka's hydro- 
galleiu, but did not succeed. 

Gallein was dissolved in slight excess of potassium hydroxide 
solution, zinc dust added cautiously, and the temperature of 
the contents of the flask prevented from rising by a stream of 
cold water around the flask. When the blue color of the alka- 
line solution disappeared, becoming more or less brown, dilute 
sulphuric add was added slowly and in such a way as to pre- 
vent an appreciable rise in temperature. The add liquid was 
extracted with ether, the ether solution rapidly filtered to re- 
move su^>ended particles, and dried over caldum chloride in 
an atmosphere of carbon dioxide. The ether solution was 
then distilled in a stream of carbon dioxide. An oil with a 
slight red color remained and on standing solidified. Acetic 
anhydride in excess was added and the liquid boiled, on a metal- 
bath, for four hours, in a flask connected with a reflux 
condenser. A portion of the excess of acetic anhydride was 
distilled off and the residue poured into water. The acetate 
collected on the bottom of the vessel as an oil, which after- 
wards solidified. The yellow product was ciystalhzed from 
benzene and gave a product melting at 2i3°-2i4°. It was re- 
crystallized from alcohol and acetic add in succession till the 
mdting-point was constant. The final product was colorless 
and melted at 216°. 

The difference between this compound and gallein acetate is 
seen in its conduct with sodium carbonate and concentrated 
sulphuric add. This compound, when treated with a 5 per 
cent solution of sodium carbonate in the cold, dissolves, at once 
imparting to the solution at first a greenish-yellow fluorescence ; 
the color rapidly deepens, becoming later a dedded purple. 
The acetate, when treated with a few drops of cold concentra- 
ted sulphuric add, dissolves with red color. When this is di- 
luted with water it forms a green solution which, after stand- 
ing, deposits a green predpitate. This, filtered off and washed 
with little water, dissolves in ammonium hydroxide with green 
color and in aniline with blue color, both characteristic of 
coeruldu. Sulphuric add saponifies the so-called hydrogalleln 
acetate and condenses one of the products (gallin) even in the 
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cold, to coenilin, which is easily oxidized in alkaline solu- 
tion to coenildn, fonuing a green solution with ammonium 
hydroxide. 

Determination of the acetyl groups in this compound gave 
the following results : 

Weight of Uinenl Net n/io 

Bubatance. sito NaOH. add. NaOH. C^jO. 

Gram. cc cc; Per cent 

0.2328 21.5 4.0 17.5 32.32 

0.1690 15.7 2.75 12.95 33-95 

Calculated for C.,H,.0,(C,H,0)., 26. 14 per cent C.H,0. 
Calculated for C„H„0,(C,H,0)„ 32.21 per cent C,H,0. 
Calculated for C„H,0,CC,H,0)„ 37.32 per cent C,H,0. 
Clearly the compound is a tetracetate, but it has none of the 
cliaracteristics of gallein tetracetate but has all the properties 
of gallin tetracetate described below. 

OAU,IN TBTRACKTATH. 
This compound was made by the method given by Buchha. 
Oallein dissolved in ammonitun hydroxide was reduced to gal- 
lin tyy means of zinc dust, the solution being kept at the boil- 
ing-point. After boiling thus for two hours, the purple color 
having disappeared, dilute sulphuric acid was added little by 
little through the condenser-tube till in slight excess. The 
acid solution was filtered while hot and cooled in an atmos- 
phere of carbon dioxide. It was then shaken with ether to 
dissolve the gallin, the ether solution separated and filtered, 
dried over calcium chloride in an atmosphere of carbon dioxide, 
and finally the ether distilled off in a current of carbon diox- 
ide. The residue, gatUn, appeared as a red oil which solidified 
on standing. This was converted into the acetate according to 
details given under hydrogaUein acetate. The crude material 
was recrystallized from alcohol and acetic acid and gave a color- 
less product melting at 216° C. Its conduct with a 5 per cent 
solution of sodium carbonate and with concentrated solphuric 
acid was identical with that of the so-called hydrc^all^n ace- 
tate detailed above. 

The difficulty of deciding the composition of hydrogalldui 
(gallin) acetate by combustion analysis will appear from the 
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following table, wtucli gives the percentages of carbon and 
hydrogen according to the different formulas : 

No. of CHjO 

BTOOpa, C H. 

Per cent Per cent. 

3 63-41 4-06 

4 62.92 4.12 

5 62.50 4.15 

Bnchka found C = 62.72 per cent ; H = 4.37 per cent. 
Determinations of the number of acetyl groups in gallin ace- 
tate resulted as follows : 



0.2490 30.3 1.5 18.8 32.46 

0.1728 14-4 1.2 13.2 32.84 

Calculated for C„H„0,(C,H.O)„ 26. 14 per cent C,H,0. 

Calculated for C„H„0,(C,H.O)., 32.21 per cent C,H,0. 

Calculated for C„H,0,(C,H,0)., 37.32 per cent C,H,0. 

In view of these results this compound is correctly called 
gallin tetracetate. 

The residue in flask A (see sketch), when treated with an 
excess of caustic potash gives a blue color, as would be ex- 
' pected of gallin in presence of air. 

GAIAOI, ACBTATB. 
Btichka claims to have obtained a lower reduction-product 
of galleln by the use of zinc dust and add solution. Having 
the formula as given by him, 

/C.H,(OH),. 
C.H,CH< >0, 

I X:,Hi(OH)/ 

CH,OH 

gallol would be expected to yield a peniscet&te. According to 
Bochka's method for making this substance, gallon (5 grams) 
was placed in a liter flask with 700 cc. of water, a little dilate 
sulphuric add added, and some zinc dust. The solution was 
kept boiling for ten hours, adding from time to time small 
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amounts of dilute acid and zinc dust. The solution lost its 
deep red color and became straw-yellow. It was then filtered 
and allowed to cool, A small deposit of crystals appeared after 
avphile on the bottom of the vessel. The solution was shaken 
with ether and the ether dried and distilled off with the same 
precautions as noted under hydrogallein acetate. A residue 
was left as a red oil, to which were added the oystals which 
had separated and the whole acetylized. The acetate was re- 
crystallized from alcohol, yielding colorless crystals melting 
sharply at 216°. Buchka's gallol pentacetate melted at 230°. 
The product made as above described reacted with 5 per cent 
solution of sodium carbonate and with concentrated sulphuric 
add in every respect as the acetates of hydrogallein and gallin 
and could not be distinguished from them in any way. A de- 
termination of the number of acetyl groups resulted thus : 

Weight of Hinenl Net alio 

Bnbatance. Mfio NaOH. add. NaOH. C.H3O. 

Giam. cc cc cc Per cent. 

0.2237 20.5 3.46 17.04 32.75 

Calculated for C„H„0,CC,H,0)„ 32.21 per cent C,H,0. 

A peniacetaXe, according to Buchka's formula, would have 
38.25 per cent C,H,0. This compound not only shows all the 
characteristics of gallin acetate but the results obtained on 
analysis prove the two compounds to be identical. 

An attempt was made to reduce gallein in acetic add solu- 
tion to gallol by action of sodium amalgam, with negative re- 
sults. 

An effort was made to prepare gallol acetate directly from 
gallein acetate. Gallein (5 grams) is mixed with an equal 
weight of sodium acetate and 25 gramsof acetic anhydride and 
boiled with a retum-ccndenser for one hour. Zinc dust in 
small amounts is added from time to time, while the boiling is 
continued for three hoars. ■ A small quantity of the mat«ial 
is taken out, the acetate formed is crystallized once from alco- 
hol and found to melt at 215°, and to dissolve in dilute ammo- 
nia with purple color. The remainder of the mixture is boiled 
seven hours longer, zinc dust in small quantities being added 
from time to time. The product crystaUized once from alco- 
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hoi melts at 214.5° ^t><^ dissolves in dilute ammonia with pur- 
ple color. Thus it would appear to be impossible to obtain 
gallol by reduction of gallein or its acetate by zinc dust in acid 
solution, even with prolonged heating. 

As a result of this work, however, a method for the prepara- 
tion of gallin acetate was found which is very much shorter 
and simpler than that described by Buchka, and gives a yield 
almost as great as that required by theory. To 5 grams of 
galldin add 5 grams of fused sodium acetate and 20 cc. of acetic 
anhydride. Boil with return-condenser for fifteen minutes, add 
2 grams zinc dust and boil fifteen minutes longer. Allow the 
excess of zinc dust to settle to the bottom of the flask and pour 
off the solution carefully into a half liter of water. A small 
portion of the precipitate is granular; the bulk of it is an oil 
which soon solidifies, especiaUy when agitated. Recrystallize 
from acetic add, using boneblack to decolorize, afterwards 
from alcohol slightly diluted with water. 

SILVBR SALT OF GALLIN TKTRACBTATB. 

That gallin tetracetate is an add was shown not only by its 
action with dilute sodium carbonate solution but also by mak- 
ing its silver salt. Gallin acetate was dissolved in 95 per cent 
alcohol and an alcohoUc solution of silver nitrate added in ex- 
cess. The mixture was heated to boiling, filtered, and left in 
the dark for several hours. There separated a white predpi- 
tate resembling in appearance silver chloride. It was prac- 
tically insoluble in alcohol when once precipitated, did not melt 
sharply, but decomposed when heated, and turned dark when 
exposed to sunlight. 

The so-called gallol acetate gave rise to the same compound 
under the same conditions — another proof of the identity of 
gallin and gallol acetates. 

On analysis the compound gave the following results for 
diver: 

Weleht of Welrht of 

Ag. 
Per cent 
16-48 
II 0.1072 0.0179 16.69 

Calculated for C„H,0,CCH.CO),Ag, 16.82 percent. Ag. 



Weight of 
Gnun. 


Weight of 

0^ 


0.1044 


0.0172 


0.1072 


0.0179 
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The analysts was made by placing the well-washed and dried 
product in a small porcelain crucible and burning out the or- 
ganic matter by careful ignition. 

The first analysis above was made from a product obtained 
from the so-called ^a/Zc/ acetate, the second from ^ii/An acetate. 

OAIXBIN MBTHYL BSTBS. 

This compound was made by one of the usual methods for 
preparation of esters. Gallein(5 grams), methyl alcohol (gocc)., 
and concentrated sulphuric add (lo cc. ) were mixed, forming & 
deep red solution. Thiswasboiledwithretum-coadenserforone 
and one-quarter hours when there separated a good quantity 
of crystals. The mass was then poured into 500 cc. water, fil- 
tered, the residue washed and dried, at first iu the air, finally 
in an air-bath at 70°. To free the ester from any gallon 
which might have been present, the ester was dissolved in 
ether, in which gallein is insoluble, the solution filtered and 
concentrated. The ester came down in granular masses of 
dark red color, with bronzy luster. It dissolves in alcohol, 
acetone, ether, chloFofonn, acetic ether, with red color, but ts 
almost insoluble in benzene. It dissolves at once in alkalies 
and alkaline carbonates with the colors characteristic of free 
gallein in these solvents — probably owing to saponification. 
It did not melt when heated to 280° C. 

A determination of the methoxy group by Zeisel's method 
in a sample dried at 100" C. resulted as follows : 

Weightot ester. We^ht ot Agl. CHjO. 

Percent 
0.1819 O.IOII 7.34 

Calculated for one methoxy group, 8.22 per cent. 

GAIXBIN aTHYL ESTER. 
Gallein (5 grams), absolute alcohol (30 cc.), concentrated 
sulphuric add (20 cc. ) were heated with return-condenser for 
two and three-quarters hours. The galldin was entirely in 
solution at the beginning of the operation and, while still heat- 
ing, crystals in good quantity were deposited. The mixture 
was poured into 500 cc. water, filtered, and washed. The es- 
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ter appeared as beautiful crystals, red by transmitted light, 
green by reflected light. It dissolves in alcohol, acetone, 
ether, chloroform, and acetic ether with red color. Quite a 
number of efforts were made to crystallize it from different sol- 
vents, but the best method of purifying it was found to be 
solution in anhydrous ether, filtering to remove gallein, and 
concentration of the solution almost to dryness. The ester 
then appeared as granular masses. 

Analysis of sample dried at ioo° C. to constant weight gave, 
by Zeisel's method, the following results : 

Wdght of ester, Weigbt of Agrl. CiHsO. 

Gnun. Grain. Per cent. 

O-OSlI 0.0518 12.25 

Calculated for one ethoxy group, 11.48 per cent. 
The results obtained with the methyl and the ethyl esters of 
gallem indicate very clearly that gallon is an acid and contains 
one carboxyl group. It is probable that what Baeyer consid- 
ered aloohol of crystallization was in reaUty due to the pres- 
ence of this ester. 

GAIXBIN PHBNYWARBAMATH. 
By action of phenyl isocyanate upon gallon, combination 
took place, giving rise to a new compound. Gallein dried at 
100" C, and a little more than the calculated amount of 
phenylisocyanate were heated quickly to the boiling-point of 
the mixture and kept at this temperature for ten minutes — 
agitating from time to time. On coolii^, the residue appeared 
as a blade tar. This was taken up in benzene, the solution fil- 
tered, boiled with boneblack, and allowed to stand. A small 
amount of a crystalline deposit appeared which was filtered 
out and found to consist largely of diphenyl urea. To the fil- 
trate, petroleum ether was added, when there appeared a bulky 
yellow precipitate. This was filtered out and dissolved in lit- 
tle chloroform. On standing, some white crystals appeared 
which did not saponify with caustic potash solution, and 
melted at 235° C. , and was probably diphenyl urea. This was 
removed by filtration and the gallein phenylcarbamate precipi- 
tated from the chloroform solution by petroleum ether, filtered 
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out, and the process of dissolving in chloroform and predpita- 
ting with petroleum ether continued till no further signs of di- 
phenyl urea appeared. 

The gallon cai'bamate thus made is a solid, with hght yellow 
color, does not melt sharply on account of decomposition, dis- 
solves in alcohol and acetone with green fluorescence. It b an 
acid, as is shown by the fact that it is soluble in cold dilute 
sodium carbonate solution with purple color, which is changed 
to red by adds. The red color of the add solution is not 
changed to purple by ammonia solution as would be the case 
were gallem formed here. The carbamate dissolves also in 
cold dilute solution of ammonia with color, green by reflected 
light, red by transmitted hght. In caustic alkali it dissolves 
(apparently with saponification) giving a deep-blue solution. 

The mtrc^en in this compound was determined by the Kjel- 
dahl method, tising Dafert's modification. A weighed amount 
of carbamate was placed in a 300 cc. digesting flask, 10 cc. of 
alcohol added to dissolve it, 30 cc. dilate sulphuric add (i : 5) 
added, and a small amount of zinc dust. The mixture was 
heated with return-condenser till the color disappeared (nearly) . 
The fiask was then discomiected from the condenser, and the 
alcohol and watv evaporated till the organic matter showed 
first signs of charring. The remainder of the process was that 
of the ordinary Kjeldahl method. The following results were 
obtained : 



c&rbamate. 


Ndo NH^ 


AmoMutofN. 


N. 


Gram. 


cc. 


Gram. 


Percent 


0.4274 


rS.o 


0.025272 


5-91 


0.271 I 


ri.4 


0.0160056 


5-90 


0.1966 


7.8 


0.01095 1 2 


5-57 


O.2116 


8.3 


o.oi 16532 


5-51 


0.2204 


8.7 


0.0122148 


5-54 


0.2372 


9-35 


O.OI31274 


5-53 



Calculated for C„H,0,(OCNHC,H,)„ 5.83 per cent N. 

Calculated for C„H,0,(OCNHC,H.)„ 6.68 per cent N. 

Calculated for C„H.O,(OCNHC,H,), (the formula for this 
compound on the basisof Buchka's formula for galldn), 4.67 
per cent N. 



:,7ndty Google 



The analyses above recorded were made from two samples 
which were prepared at different titnes — Nos. i and 3 from 
one, Nos. 3, 4, 5, and 6 from the other. The results can lead 
to bat one condusioti, that there are three phenyl isocyanate 
readaes introduced and that the compound is gallon tri- 
phenylcarbamate. 

GAIXBIN BASIC LBAS S&I,T. 
A sodium carbonate solution was boiled with an excess of 
gallon till there was no further erolution of gas. This solu- 
tion was then filtered from the excess of galleio and an excess 
of lead acetate solution added. The precipitate was filtered 
oat and washed till the filtrate no longer gave a test for lead, 
and dried at 120° C. The lead compound was a dark bltie 
powder. On analysis for lead the following results were found : 

Weight of Weight of 

mbBtance. FbSOi. Pb. 

Grmm. Grant. Per cent 

0.9343 0.8960 65.4 

0.30I4 o. 1880 65.0 

Csflculated for C..H.O,(PbOH)„ 65.92 per cent Pb. 

GALHeitf TRIMBTHYI, ETHER. 
Five grams of gallein were dissolved in 200 cc. of methyl 
alcohol, 4 grams of caustic potash in 50 cc. methyl alcohol, the 
two solutions united, and a portion (100 cc.) of the solvent 
distilled off. To the residue was added methyl iodide (15 
grams), and the whole heated to boiling on a water-bath for 
twenty to thirty hours. At intervals of about eight hours, i 
or 2 grams of solid caustic potash were added, heated for one 
hour, and about 5 grams methyl iodide added. The solution, 
at first blue, quickly becomes red. After sufficient heating the 
methyl alcohol and excess of methyl iodide were distilled off 
on a water-bath, the residue treated with 500 cc. of a i per 
cent solution of potassimn hydroxide to dissolve any partially 
methylated products, and filtered. The residue will be con- 
sidered in connection with the tetramethyl ethers. 

The alkaline filtrate was acidified with a little concentrated 
hydrochloric acid. A yellow precipitate was thrown down 
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■w'hich was filtered out and washed. The dried reddue was 
dissolved in acetone, boiled with boneblack, concentrated, a 
little water added, and allowed to stand. After a few hours 
there was a good yield of crystals which had a golden yellow 
color. These were then dissolved in alcohol, boiled with bone- 
black, concentrated, and allowed to crystallize — little water be- 
ing added. Additional crops of crystals were obtained by 
further dilution of the mother-liquors. By repetition of this 
treatment crystals were finally obtained which were colorless 
and melted at 239". 

A determination of methoxy groups was made by Zeisel's 
method. Apparatus and chemicals were first tested by ma- 
king a determination of the methoxy group in anisic acid, with 
the following result ; 



Weight of 

aoiaic odd. 

Gram. 


Weight of 
Gram. 


CHA 
Percent 


0.1905 


0.2910 


20.18 



Calculated for C,H,COCH,)COOH, 20.39 per cent CH.O. ' 
The following results were obtained with the gallein eth^ 
dried at 100" C, : 

Weight of 
ether. Weight of Agl. CH3O. 

Oram. Gram. Per cent 

0.1866 0.3100 21.96 

0.2376 0.3966 32.06 

Calcolated for C„H,0,(OCH,), (according to Buchka's for- 
mula),' 13.95 per cent CH,0. 
Calculated for C„H.O.(OCH,)„ 22.91 per cent CH,0. 
Calculated for C„H,0,(OCH,)., 29.55 per cent CH.O. 
The substance is hence a trimethyl ether. 
Gallun trimethyl ether dissolves in alcohol and acetone with 
a delicate pink tint ; in benzene its solution is colorless. It re- 
sembles phenolphthalein quite closely. In dilute sodium car- 
bonate solution, in dilute ammonia, as well as in caustic alka- 
lies, it dissolves at once, even in the cold, with deep-red color, 
I The solubility of this ether in alkaline solutions is a further ail- 
ment against the correctness of Buchka's fonnnla for gallein. 
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From such solutions, by the addition of acids, it is precipitated 
again as the colorless trimethyl ether. 

This gallon trimethyl ether was also made by saponification 
of the colored tetramethyl ether as stated below. 

TRIMETHYI. GAIXBIN MONOACETATE. 

Gallein trimethyl ether was mixed with an equal weight of 
fused sodium acetate and five times its weight of acetic anhy- 
dride, and the mixture kept at the boiling-point for one hour. 
The excess of acetic anhydride was distilled oS and the residue 
poured into a large bulk of water. The precipitate was at first 
oily, but soon solidified. This. was filtered off and washed. 
The residue thus obtained was recrystallized from alcohol. 
The crystals were needle-shaped and colorless, showed double 
refraction, and were either monoclinic or triclinic. Melting- 
point 197°. They dissolve in alcohol, acetone, and chloro- 
form, are insoluble in cold aqueous caustic potash, but after 
prolonged boiling they dissolve, giving a red color to the solu- 
tion (apparently after saponification of the acetyl group). 
Saponification takes place more readily in alcoholic caustic pot- 
ash. 

The product dried at ioo° C. and analyzed for methoxy 
groups gave the following results : 



Weight of 

substance. 

Gram. 


Grain. 


CH3O. 
Per cent 


0.2004 
0.1690 


0.5028 
0.2570 


19.96 
20. oS 



Calculated for C„H,0,(OCH,),(C,Hp), 20.76 per cent 
CHp. 

The results of these analyses show that this derivative of 
galld!n contains three methoxy groups and one acetyl group. 
Its properties also harmonize with this view. ' 

GALLEIN TETRAMETHYL ETHER— COWRBD. 
The residue insoluble in alkalies, obtained in making tri- 
methyl galld[n, was dissolved in 50 per cent alcohol, boiled 
with little boneblack toremovegummy material, concentrated. 
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and allowed to crystallize. Two distinct sets of crystals were 
deposited. One set consisted of pyramidal crystals belonging 
to the monoclinic system. They were red, the larger ones ex- 
hibiting a bronzy luster. By far the larger proportion of the 
crystals were of this sort. The others were mnch lighter in 
color and were needle-shaped. These last will be discussed 
under the head of gallein tetramethyl ether — colorless. 

The dark red crystals mentioned above melt sharply at 199°, 
dissolve in alcohol, acetone, chloroform, ether, and acetic ether, 
with red color. The ether is insoluble in cold alkalies, in hot 
alkalies it forms a red solution — after partial saponification. 
To an alcoholic solution of the ether a solution of sodium car- 
bonate is added, the solution evaporated to dryness on a steam- 
bath, the residue dissolved in water and filtered, the filtrate 
acidified, there appears a precipitate with a yellow color. This 
is filtered out, recrystallized from alcohol, and found to be col- 
orless and to melt at 229°. The product shows also all the 
other characteristics of gallein trimethyl ether already de- 
scribed. The number of methoxy groups in the colored ether 
was determined with the following results : 



Gnm. 


Weight of 
Gram. 


CHA 
Percent 


0.1770 
0.2140 


0.3828 
0.4656 


28.56 
28.74 



Calculated for C„H,O3(OCH04, 29.55 per cent CHO. 
Calculated for C„H,0,(OCH3)j, 22.91 per cent CHjO, 
This ether is unquestionably a gallon telratnethyl ether, and 
^nce one of the methyl groups may be split off by th^ action 
of sodium carbonate solution, leavii^ a product with three 
methyl groups (see gallon trimethyl ether above), one of the 
methyl groups must replace a hydrogen atom of a carbozyl 
group in the form of an ester. 

GAIXBIN TBTRAM8THVI, BTHHK — COLOKUSSS. 

The Ught-colored needle-shaped crystals referred to above 

were separated from the deep red ones, dissolved in acetic 

add, boiled with bone-black, and filtered. The slightly red 
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soltition was diluted with water till a precipitate appeared, 
then heated till all dissolved, and allowed to cool slowly. The 
crystals which separated still had some color. To remove this 
they were dissolved in alcohol, a little potassium hydroxide 
was added, and the solution heated to boiling. This saponified 
the colored ether, forming the potassium salt of the trimethyl 
ether which is easily soluble in water. The alcoholic solution 
diluted with water yields colorless crystals of the tetramethyl 
ether. These are needle-shaped, show double refraction, and 
are either monoclinic or triclinfc. 

The same compound was obtained by heating gallon tri- 
methyl ether with excess of methyl iodide in a sealed tube to 
125° C. for five hours. 

The colorless ether melts at 195°, is soluble in alcohol, ace- 
tone, and chloroform, but to a less degree than the colored 
ether. It is insoluble in aqueous caustic potash (laboratory 
reagfflit) even on boiling. 

Analysis of a sample dried at 100° C. gave the following re- 
sults : 



Weight of 
Gram. 


WdKht of 
Agl. 
Gram. 


CHA 
Percent 


0.0804 


O.1751 


28.77 



Calculated for C„H,0,(OCH,)„ 29.55 per cent CH,0. 
GALLBIN TBTSAETHTI, BTHBK — COLORBD, 

Gallein (5 grams) was dissolved in 200 cc. methyl alcohol,* 
caustic potash (4 grams) in 50 cc, of the same solvent and the 
two united. A portion (100 cc.) of the solvent was distilled 
off, and to the residue was added an excess of ethyl iodide. 
The color changes from blue to red. The mixture kept at the 
boiling-point for five to ten hours. The methyl alcohol and 
the excess of ethyl iodide were then distilled off on a water- 
bath. The residue was treated with 500 cc. of a i per cent 
solution of potassium hydroxide to dissolve any partially 
ethylated products, and filtered. The filtrate was used in the 
preparation of the ttiethyl ether as described below. 

' Methyl alcohol was used in this caiebec&UBe it isa better solvent 
than ethyl alcohol for tbe potassium salt of galleia. 
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The residue iasoluble in alkali was deep red, at first a 
viscous mass, which slowly hardened. This was dissolved in 
methyl alcohol, boiled two or three times with bonebladc to 
remove gummy impurities, concentrated, and allowed to stand 
several days. There a[^>eared first needle-shaped crystals 
-which were filtered out and are described below as the colorless 
tetraethyl ether. After these, in greater amount, came tabu- 
lar, monoclinic crystals of a deep red color, very much like 
those of the colored tetramethyl ether, and melted at 155°. 
This ether dissolves in methyl alcohol, ethyl alcohol, acetone, 
chloroform, acetic ether, &nd acetic add. In cold alkalies it is 
insoluble. If some of the ether be dissolved in alcohol, a little 
sodium carbonate or potassium hydroxide be added, and the 
mixture heated to dryness on a water-bath, it undergoes 
partial saponification. This was shown by dissolving the 
residue in water, filtering, acidifjdng the filtrate, when a 
yellow precipitate was thrown dowtL This product, on 
recrystallization, proved to be ccdorless, and showed the 
characteristics of the triether described below. 

The following is the result of a determination of ethoxy 
groups : 

g'ht of Weieht of 

C.H5O. 
Percent 
36.11 

O.II99 0.2356 37.70 

Calculated for C..H,0,COC,H.)., 37.82 percent C,H,0. 

Calculated for C„H,0,(OC,H,)„ 30.59 per cent C,H,0. 

From the above analyses, as well as from the method of its 

preparation and its properties and reactions, this ether is the 

analogue of the colored gallein tetramethyl ether. 

GALLBIN TBTRABTHYI, BTHER— COLOR LBSS. 
The needle-shaped crystals referred to in connection with the 
colored tetraethyl ether after recrystallization from alcohol, 
using boneblack to decolorize, were obtained almost colorless, 
and found to melt at 144°. They dissolve in alcohol, acetone, 
acetic acid, and chloroform, but less easily than the colored 
variety. This ether is insoluble in aqueous alkalies, even on 
boiling. Analyms gave the following result for ethoxy groups : 



Gram. 


Weight 01 
Gram. 


0.2or5 


0.3788 
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WeigUof 
AgL 


C.H5O. 


Gram. 


Cram. 


Percent. 


0.0682 


0.1301 


36-61 



Calculated for C„H,0,(OC.H.)., 37.82 per cent C,H,0. 
GALLEIN TSIBTHITL STHSR. 

The alkaline filtrate obtained in the preparation of gallein 
tetraethyl ether was acidified with concentrated hydrochloric 
acdd. A heavy yellow precipitate was thrown down. This 
was filtered out, washed well, and recrystallized from alcohol, 
udng boneblack to decolorize. Colorless crystals were obtained 
which, on analysis, gave the following result : 

WeiKht of Weight of 

sabatance. Agl. C>HsO. 

Gram. Gram. Per cent 

0.1057 0.1765 52.04 

Calculated for C,.H,0.(OC,H,)„ 30.59 per cent C,H.O. 

Calculated for C„H,0,(OC,H,)., 37.82 per cent C,H.O. 

Gallein triethyl ether dissolves easily in most of the organic 
solvents. In cold dilute sodium carbonate solution, in dilute 
ammonia, as weU as in the caustic alkalies it dissolves at once 
with deep red color, just as phenolphthalein does. On , acidi- 
fying these solutions the colorless triethyl ether is repredpitated. 
GAIXIN PSNTAMBTHYI, STHER. 

Galldn was reduced by zinc dust in alkaline solution, and 
the resulting gallin extracted with ether in the usual way. 
After complete removal of the ether by distillation in carbon 
dioxide, the flask containing the residue was connected with a 
return condenser and also a hydrogen generator. After re- 
moving as completely as possible all air from the apparatus by 
means of hydrogen, a slight excess of potassium hydroxide 
dissolved in 95 per cent alcohol was added through the con- 
denser tube. The solution turned light blue— due to slight 
oxidation. After heating five minutes an excess of methyl 
iodide was added and the mixture heated to boiling on a 
water-bath for ten hours. The alcohol and excess of methyl 
iodide were distilled to dryness and the residue treated with 
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500 cc. of a I per cent solution of caustic potash. The residue 
was filtered out, washed, and recrystallized from alcohol, using 
boneblack to decolorize. The crystals at first were more or less 
yellow, recrystallizing from alcohol and acetic add in succes- 
sion they became almost white and melted at 127". 
Analyses gave the following results : 

WeiEhtof We^htof 

aabstance. Agl. CH^. 

Oram. Gram. Per cent* 

0.1596 0.4167 34.49 

0.1877 0.4887 34.39 

Calculated for C„H,0,(OCH,)„ 35.50 per cent CH,0. 

Calculated for C„H„0,(OCH.)„ 29.38 per cent CH.O. 

The compound is therefore the /^ni!izmethyl ether of gaUin. 

The ether dissolves readily in alcohol, acetone, and acetic 
acid. It is insoluble in cold alkalies, but may be saponified by 
the method already outlined in connection with the gallein col- 
ored tetra ethers, giving a product that is colorless and dis- 
solves in alkalies without color. 

n. COBKHLBIN. 

The coeruldn used for the following investigation was also 
furnished by the Badische Anilin und Soda Fabrik, and was of 
exceptional purity. 

It was found that if coerulein be pulverized and suspended 
in water, it could be dissolved by saturating the water with 
sulphur dioxide. This solution when boiled for some time to 
remove the gas, was decomposed and coentlein precipitated. 
When filtered out and dried, it had a beautiful bronzy lustre 
and seemed to be crystallized. 

One marked difference between gallan and coerulein is that 
while the former dissolves easily in solution of sodium carbon- 
ate, the latter is practically insoluble in such a solution, im- 
parting to it only a faint yellow color even after boiling for 
some time. 

In aniline, pyridine, and qmnoline, coerulein dissolves, more 
readily if heated. In aniline it forms a deep blue solution, the 
color remmning unchanged in excess of acetic add. The solu- 
tion in pyridine is colored greenish blue, whidi turns pnrple 
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in excess of acetic acid. On boiling with quinoline the color is 
purple, which becomes greenish blue on cooling, and green 
when diluted with more quinohne. 

COBRUI.EIN TRIACETATB. 

Coerulein acetate was made according to the method given 
by Buchka — by boiling coerulein with sodium acetate and ex- 
cess of acetic anhydride. After completion of the reaction a 
part of the acetic anhydride was distilled off and the residue 
poured into water. The red precipitate was filtered out and 
washed. Unsuccessful attempts were made to crystallize the 
acetate from glacial acetic add, alcohol, acetone, chloroform, 
benzene, and acetic ether, in each of which it dissolves with 
red color. It was finally purified by dissolving it in acetone, 
filtering, evaporating to small bulk and precipitating the ace- 
tate by adding to the acetone solution a saturated solution of 
sodium chloride. After washing till the filtrate gave no reac- 
tion for chlorides and drying coerulan acetate appeared as a 
reddish brown powder. 

That it is coerul^n triacetate cannot be doubted from the 
following determinations of the number of acetyl groups 



Veiglit of acetate. h/to Mineral Net n/io Percent 

Gram. NaOH, add, NaOH. C^H,0. 

0.2153 16.79 2.55 14.24 28.43 

«-i753 13-50 205 11-45 28.08 

Calculated for C,„H,0,(C,H,0)3, 27.33 per cent C.HjO. 
Calculated for C„H,0,(C,H,0)., 83.47 per cent C,HO. 
The difficulty of deciding by combustion analysis how many 

acetyl groups this compound contains, will be seen from the 

following table : 

No. of acetyl BTCOP"- Per cent C. Per cetit H. 

3 66.ro 3.39 

4 65.37 3.50 

Buchka found C = 65.7 and 66.71, andH ^3.75, but never- 
theless calls the compound the triacetate. 

COERULIN PHNTACETATB. 

Buchka's directions were followed in the preparation of this 
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compound, using 5 grams of coenilein, 35 grams t>f acetic an- 
hydride, and a little zinc dust. After heating for twenty min- 
utes the mass began to solidify and had a dark green color. 
The contents of the flask were transferred to a porcelain evap- 
orator and heated on the water-bath till nearly alt the acetic 
anhydride disappeared. The residue was then put into izoo 
cc. water to remove all zinc salts, etc., filtered and washed. 
The mass was dark green. Recrystallized from glacial acetic 
acid, the acetate appears in greenish yellow needles which show 
parallel extinction and form a felted mass. Solutions of coeru- 
lin acetate in acetic acid, alcohol, acetone, and chloroform have 
agreenish yellow fluorescence. Buchka gives the melting-point 
of this compound as 256° C Tl^'s couM not be verified — the 
compound decomposed when heated and did not melt at all. 

Determinations of the number of acetyl groups in this com- 
pound resulted as follows : 

Weight of acetate. Kflo Mineral Netmio Percent 

0.1837 199 305 16.85 39-44 

0.1991 20.55 2.25 18.3 39.52 

Calcnlated for C„H,0,(C,HiO)j, 33.34 per cent C,H,0. 
Calculated for C„H,0,(C,HjO)„ 38.54 per cent C,H,0. 
The product is therefore a/rafacetate. 
Calculated percentages of carbon and hydrogen are as fol- 
lows : 

No. of C,K,0 gronps. Per cent C. Per cent H, 

4 65.11 3.87 

5 64.51 3.94 

Bttchka found C = 65.31 and 64.64, H = 4.60 per cent, and 
on the bases of these analyses pronounced the compound a 
teiracetate. In the determination of the number of acetyl 
groups, however, there is a much greater difference in the per- 
centages for four and for five groups, and according to results 
given above for these, it cannot be doubted that the compound 
is in reality coerulin /wi&cetate, 

COEaULEIN MONOMHTHYL BTHSSS. 

Coeml^n (7 grams) and potassium hydroxide (3.5 grams) 
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were dissolved in 150 cc. methyl alcohol and digested for one 
hour at the boiling-point of the mixture. There was then 
added an excess of methyl iodide and the whole boiled on a 
water-bath for twenty hours, adding at intervals of eight hours 
2 grams of potassium hydroxide and boiling to make sure of 
solution, then slight excess of methyl iodide. The excess of 
methyl iodide and the methyl alcohol were then removed by 
distillation on water-bath, the residue treated with 500 cc. of 
a I per cent solution of potassium hydroxide, and filtered. 
The insoluble residue will be described below. 

The alkaline filtrate was acidified and a heavy dark precipi- 
tate was thrown down and filtered out. The precipitate was 
dissolved in boiling alcohol, filtered, and on standing there 
were deposited crystals of a dark color, with bronzy luster. 
The compotmd decomposes when heated and does not melt. 
It dissolves in alcohol, acetone, pyridine, aniline, and potas- 
sium hydroxide solution, imparting an olive-brown color to the 
solution in each case. 

A determination of methoxy groups gave the following re- 
sult : 

Welstat of ether. Weight of Agl. CH|0. 

Giam. Gcam. PerceoL 

0.2365 0.1703 9.51 

Calculated for C„H,0,(OCH,), 8.61 per cent CH,0. 
Calculated for C„H,0.(OCH,)„ 16.57 per cent CH,0. 

The compotmd is therefore coerulein monomethyl ether. 

The mother-liquor from which this ether was obtained was 
allowed to evaporate spontaneously, when another crop of crys- 
tals appeared . This compound, when dried and analyzed for 
methoxy groups, gave the following result : 

WdKbt of aubatance. Weight of Agl. CH,0. 

Gnm. Gtuhi. Per cent. 

O.1216 0.0755 8.20 

Calculated for C„H,0.(OCH.), 8.61 per cent CH,0. 

It is clearly a coerulein monomethyl ether hut has different 
properties from those of the coerulein ether described above. 
It dissolves in acetone and pyridine with a purple color, in 
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alcohol and aniline with a greenish-blue color, in potassium 
hydroxide solution with a light-green color. It is uniformly 
more soluble than the isomeric compound already described. 

COHRDLEIN METHYl, STHER — Al^ALI INS01.trBLE. 
The residue insoluble in alkaU (see above under coenilein 
monomethyl ethet) was dissolved in alcohol, the solution fil- 
tered, and concentrated. After standing, a tarry substance 
was deposited. This was filtered out and the filtrate, which 
now had a beautiful green fluorescence, allowed to stand for 
some days. There appeared needle-shaped crystals which were 
red by transmitted Ught, green by reflected light. These dis- 
solve with some difficulty in alcohol, giving it a light purple 
color, easily in concentrated sulphuric acid with red color, but 
are insoluble in alkalies even on boiUng. The quantity of 
crystals was so small as to make an analysis of the compound 
impos»ble, but it is in all probabiUty coenilein trimethyl ether. 

COBRTTI.EIN BONOBTHYI. STHER. 
This compound was made in the same way as the mono- 
methyl ether, using ethyl iodide and boiUng only nine hours. 
It was likewise crystallized from alcohol and had all the char- 
acteristics of the corresponding methyl derivative. It was 
dried at ioo° C. and the ethoxy group determined which re- 
sulted as follows : 

Weight of ether. Weight of AgL C,H,0. 

Gram. GrMn. Per cent. 

O.I313 0.0808 11.82 

Calculated for C„H,0,COC,H J , 12.04 per cent C,H.O. 
Hence the compound is coerulein monoethyl ether. 

THEORETICAL. 

I. GALLBIN. 
The formula for galleJn, as given by Buchka, is 
X.H.OH. 



>0.>D. 
C,H,OH / 

CO— 6 
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It is necessary to assume with this formula that oxidation 
takes place in the process of making, giving rise to a quinone 
group. This idea was first suggested to him by the supposed 
discovery of the so-called hydrogallein, which has been re- 
garded as a reduction-product intennediate between gallein and 
gallin. Hydrogallein, according to Buchka, differs essentially 
from both gallein and gallin, but gives the same product when 
acetylized as that obtained from gallein by acetylization. In 
order to account for this, he gave gallein the above formula 
and to hydrogallein the following formula : 



/C.H.(OH),v 
C.H.C< >0. 

I N:.H,coH)/ ■ 
CO— o 



The necessity for providing a formula for hydrt^allein was the 
single consideration that led him to assign to gallein the above 
formula. 

Several attempts were made during the progress of this 
work to prepare hydrogallein and its acetate. The result was 
always the same — the hydrogallein acetate invariably proved 
to be identical in every respect vith g-allin acetate. Attempts 
were made also to make gallol acetate by Buchka's method — 
reduction of gallein in acid solution by zinc dust, and acetyliza- 
tion of the product thus obtained. Here again the so-called 
gallol acetate was identical with gallin acetate. The identity 
of these three acetates is clearly shown not only by analysis but 
also by identity of melting-point and conduct with sodium car- 
bonate solution and concentrated sulphuric add. So that no 
matter whether gallein be reduced by zinc dust in acid or 
alkaline solutions, hot or cold, the product is in all cases gal- 
lin, which, with acetic anhydride, yields gallin acetate. The 
existence of hydrt^^allein is, therefore, extremely improbable, 
and it is doubtful if gallol or its acetate has been isolated. The 
conclusions here stated with reference to hydrogallein is in en- 
tire accord with Herzig's work, to which reference has already 
been made. 

That gallein contains a carboxyl group is proved by the fact 
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that it forms esters in the ordinary way. Methyl and ethyl 
esters have both been prepared. Further, gallein forms a stable 
ammonium salt,' which suffers no loss of ammonia after pro- 
longed heating, in this respect showing a marked difference 
from phenolphtbalein. Gallein also decomposes sodium, ba- 
rium, and calcium carbonates, driving out carbon dioxide and 
forming soluble compounds with the metals. The presence of 
the carboxyl group may explain, also, why gallein is converted 
more easily than other phthaldLns into its coirespoDding 
phthalidein, since there is no necessity here for breaking the 
lactone ring. This will be referred to again in the theoretical 
discussion of coerulein. 

The formation of the colored tetramethyl ■ and tetraethyl 
ethers easily saponified to the colorless triethers with alkalies 
also proves the presence of a carboxyl group in gallein. The 
existence of the blue basic lead salt and of the colored gallein 
triphenyl carbamate, which has acid properties, indicates the 
same thing. 

That gallein contains only three phenol hydroxyl groups is 
shown by the introduction into its molecule of three phenyl 
isocyanate groups. It has been established, notably by Gold- 
schmidt,' that phenyl isocyanate does not react with quinone 
oxygen, but easily with hydroxyl hydrogen, except such as 
are present in carboxyl groups. The gallein triphenyl carbam- 
ate has a color and dissolves in cold solution of sodium 
carbonate with color. Hence it must contain a carboxyl group, 
but cannot be a derivative of gallin (formed by reduction). 
Since therefore Gallein, in free condition, contains one car- 
boxyl and tliree phenol hydroxyl groups, its structure must be : 

■ Buchks : Ann. Chein. (Liebig), aog, 363. 

■ Ber. d. chem. G«a., fla, 3105. 
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C^.C^^ >o 

COOH % 

O 



The qninoid stmctore wonld exjdain the deep red color of 
galldn and its solutions. According to this formula, the 
stmctore of a highly colored methyl or ethyl ester would be : 




And for the colored triphenyl carbamate having add proper- 
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OCONHC.H. 



This formula for gallem explains also the formation and 
properties of its colored tetramethyl and tetraethyl ethers. 
These would be represented thus : 




A compound with such a structure one would expect to be 
colored and to lose one alkyl group by saponification. As a 
matter of fact these ethers are colored (deep red), and with so- 
dium carbonate or hydroxide saponify, leaving a trialkyl ether. 
The deep blue basic lead salt probably has the following for- 
mula : 



diy Google 




and the blue potassium salt, which is precipitated when a satu- 
rated alcoholic solution of gallein and a saturated alcoholic so- 
'lutiou of caustic potash are mixed, probably has a similar 
structure, the metal potassium replacing the PbOH group. 

There are compounds, however, which seem to be derived 
from a tautomeric form of gallein. This would have the lac- 
toid structure and be represented thus : 

OH O OH 



HO, 




,OH 



To this class belong the trimethyl and triethyl ethers which 
when uncombined, are colorless, but dissolve in sodium car- 
bonate with red color. The relation between the free ethers 
and their alkali salts appears to be the same as that between 
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phenotphthalditi and its salts. This relation is shown in the 
following formnlas : 




Gallein trialkjl ether. (Colorlew. ) 

n. 
OR O OR 

RO- 




Sodinm salt of gallon tri-alkj'l ether. (Red.) 



That Formula I above correctly represents the structure of 
gallein trialkyl ethers is indicated further by the fact that it 
can be readily acetylized as well as transformed into the color- 
Usi tetralkyl ether. The products thus obtained are also' 
colorless. Since the labile hydrogen by this process is replaced, 
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the trialkyl gallein acetate is insoluble in alkalies except on 
prolonged boiling, which results in saponification of the acetyl 
group. These characteristics accord with the following struc- 
ture for the trialkyl gallein acetate : 

OR 'O OR 



ROi 




OCOCH. 



The conception of galldin as a tautomeric substance finds sup- 
port also in the existence of two classes of tetralkyl ethers — 
one, the qiiinoid (colored), already referred to ; the other, the 
lactoid (colorless), which would have this structure : 
OR O 



OR 




With such a structure one would expect them to be colorless 
and unafEected by alkalies. Both of these characteristics they 
were found to possess. 
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The acetate and the beozoate of galleia would properly be 
derived from its lactotd modification, since they are color- 
less and (at least in the acetate) are known to contain four 
add residues. I^etting Ac represent the add residue, they 
would have the structure : 



OAc 



OAc 




Gallein anilide. a colorless compound, made by Albert,' 
should be a derivative of the lactoid modification also and have 
the structure : 

OH O OH 



HOr 




|0H 



The colorless methyl ether which he made from the anilide 
and called a A'methyl ether is very probably a Uiramethyl 
' Ber. d. chem. Ges., a?, 3794. 
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ether. By combustion analysis he fotmd carbon = 72.72 per 
cent, hydrogen = 4.58 per cent. 



Clculatsl for 


per cnt C. 


Pet«nt H. 


C„H„0,N 


72.25 


4,08 


C,.H„0,I' 


72.70 


5.0S 



From the above it is seen that this compoond is more probably 
a ieiraetiier than a i/tether. 

Another of the lactoid derivatives of gallein is the tetra- 
phenylsulphonate described by Geoi^escu.' He gives it the 
diketone formula which has been abandoned for all phthaleins. 
It more probably has the structure : 



OSO.C<H. 




,OSO,C,H. 



Gallein, then, is tautomeric, yielding two classes of deriva- 
tives, those with color having the quinoid structure, and color- 
less derivatives with the lactoid structure. Free gallein has 
the quinoid structure. 

The structure of gallin is established in a measure by its re- 
lation to gallon, from which it is derived by addition of two 
atoms of hydrogen. This probably breaks the quinoid ar- 
rangement with simultaneous loss of color, and the product is 
doubtless properly represented thus : 

> Bnlletinnl SodetStU De Sdinte, Pizice, i, 215. 
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In support of this view of its structure is its easy transfor- 
mation into the colorless tetracetate, a compound with add 
properties. This characteristic it shows not only in dissolving 
readily in sodium carbonate solution, but also in forming a 
silver salt. The structure of gallin acetate and its silver salt 
is shown in the following formulas : 




Gallin acetate. 
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— COOAg 



Silrer salt of gallin acetate. 

A further proof of the correctness of this view of the stnic- 
tore of gallin is the formation of a ptniamQihyl derivative by 
action of methyl iodide upon an alkaline solution of gallin. It 
probably has the following structure : 



OCHj 




jOCH. 



As was to be expected, this ether, thoi^h insoluble in cold 
allcalies, may be saponified by heating in alkali solutions, 
forming a product easily soluble ia sodium carbonate without 
color. 
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II. COSHtrCBIN. 
Coemleio is the phthalideia of gallein and sustains to it the 
same relation as that between phenolphthalein and phenol- 
phthalidein. Baeyer, in his work on phenolphthalidein, 
found that when it was distilled with zinc dust, it yietdls 
phenylanthracene. Buchka obtained the same product by dis- 
tilling coerulein with zinc dust. Since coerulein is derived 
from gallein, probably by the loss of one molecule of water, 
and since, according to Buchka's work, it contains the phenyl- 
anthracene group, it would seem that the hydroxyl group of 
the pbthalic acid residue in gallein unites with one of the hy- 
drogen atoms of one of the pyrogallol residues to form water, 
the readjustment of affinities taking place as represented in 
, the following formulas : 

OH O OH 
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That the carboxyl group of galleaiii takes part in the reac- 
tion is indicated by the fact that, while gallein is easily soluble 
in sodium carbonate solution, coeruldn is practically insoluble 
in such a solution. The presence of a carboxyl group in gal- 
Idn explains the easy formation of coerulein, compared with 
other phthalid^ns. This formula is also in accord with the 
tact that when all the oxygen atoms are replaced in coerulein 
by hydrogen bymeansof zinc dust, phenylanthraceneis formed. 
It easily explains how coerulein forms a triacetate easily re- 
duced with zinc dust in acetic add solution. Such a deriva- 
tive would be represented thus : 

CHsOCO O OCOCHj 



CHjOCO. 
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With the formula given above for coerul«n there is a possi- 
bility of having three varieties of monoalkyl ethers. Two 
monomethyl ethers are described in the experimental part of 
this paper. It is impossible at present to determine the exact 
position of the methyl group in these ethers. They are readily 
soluble in allcalies — a characteristic they could not show if 
only one hydroxyl group were present in coerulein as repre- 
sented in Buchka's formula for this compound. Again the 
fact that there are two monoethers requires that more than 
one hydroxyl group be present in the molecule. 

A methyl ether was made, which was entirely insoluble in 
alkalies, even boiling, but in such small amounts as to make 
analysis impossible. This was probably coeruldn trimethyl 
ether. It would have the structure : 



OCH. 



OCH. 
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Coerulein thus appears as a derivative of antluagallol, 
CO OH 

^OH 
,OH 



CO 



which, like coemlein, is soluble in alkalies with a green color. 
This will explain why coemlein resembles alizarin and anthra- 
gallol in its property of forming insoluble lakes with chromium, 
iron, and aluminium mordants. The name, alizarin green, by 
which coerulein is known, recalls this fact, which has long 
been known to the dyer. The above formula for coenildui 
also serves to recall the aurin group of dyestuffs, to which it 
shows certain resemblances. 

Coerulin is derived from coerulan by addition of two hydro- 
gen atoms. This would probably result first in breaking the 
- qulnoid group, thus : 
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The reduced product wouM be expected to go over to the 
more stable form and become : 




CoeniUn is formed tdso from gallin by tiie action of concen- 
trated sulphuric add in the cold. The transformation may be 
represented thus: 
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In favor of this view of the stmcture of coerulin is the fact 
that it forms apentacstate with acetic anhydride. 

The more important facts brought out in this paper may be 
found in the following summary : 

SUHHAHY. 

1. The only reduction product of gallein by zinc dust, 
whether in acid or alkaline solution, is gallin. 

2. Gallein forms monoesters, showing that it contains one 
carboxyl group. 

3. Three phenyl isocyanate groups may be introduced into a 
molecule of gallein, proving that it contains three phenol 
hydroxyl groups. 

4. Two classes of tetralkyl ethers, colored and colorless, are 
derivable from gallein, indicating that it reacts in tautomeric 
modifications. 

5. Colorless trialkyl derivatives of gallein are described. 

6. A colorless trimethyl gallein acetate is described. 

7. Gallin pentamethyl ether famishes evidence as to the 
stmcture of gallin. 

8. A silver salt of gallin acetate also furnishes evidence as 
to the structure of gallin. 

9. Coeml^ is shown to form a triacetate — by determination 
of its acetyl groups, 

10. Coerulein forms two monomethyl ethers, and a methyl 
ether insoluble in alkalies. Likewise a monoethyl ether. 

11. Coerulin forms a pentacetate, as shown by a determina- 
tion of its acetyl groups. 
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